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PREFACE 

It fell to my lot, in the spring ol last year, to ho 
called upon to deliver one of the courses' of “ Lec- 
tures to Working Men” which have been given hy 
the Professors of the Royal Scliool of IMiiies and the 
Royal rk>llege of Science annually for tho bust five- 
and-thirty years. The celebration of the sixtieth 
year of the Queen’s reign had taken place a few 
months previously, and it occurred to mo that it 
would be appropriate to the occasion to attempt a 
survey of the progress made in the scic'ncc and 
practice of chemistry during the preceding sixty 
years. The difficulty of the hisk lay ehiedy in 
making such a selection from tho immense range 
of material which at once presented itself to tho 
mind, as to give to the audience a tolerably clear 
view of tho^e discoveries which may be regarded as 
fundamentally important, without creating confusion 
by the introduction of too much detail. 

It is obvious that, in tho time at my disposal in 
six lectures, it was not possible to do more than 
sketch in very broad outline the general features of 
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each subject, and the extent of progress which has 
l)ecn made in each dircctioi^ 1 wtl§ desirous of 
assisting my audience, most of whon^ I*l)elieve ‘I. 
was just ified in assuming, possessed at least an ele- 
mentary knowledge of physical science, hy^referring * 
them to some book by the aid of which they could 
verify and amplify such notes as they had been a^le 
to take of the lectures. Hut I could find no single 
book of moderate size which afforded an historical 
survey of the succession of events which has led up 
to the system of theory in chemistry accepted at the 
present day. 

In the following pages 1 have endeavoured to 
provide for the student such information as will 
enable him to understand clearly how the system 
of chemistry as it now is arose out of the previous 
order of things ; ami for the general reader, who is 
not a systematic stmhait, but who possesses a slight 
ac(|uaintanco with the elementary facts of the sub- 
ject, a survey of the progress of chemistry as a 
branch of science during the period covered by the 
lives of those chemists, a few of whom only remain 
among us, who wore young when Queen Victoria 
came to the throne. 

If justification in a more strictly chemical sense 
were required for beginning such a story ^ith the 
year 1837 or thereabout, it would be provided by 
recalling the fact that at this time the influence of 
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Liebig’s \eaclting wiis beginning to bo felt. The now 
organic chci^fttry, ar^d the system of practical in- 
struction * in , research inaugurated by Liebig, wore 
at^iracliiy,^ students from every part of Europe. 

A lar^ •pro{X)rtion of the progrc.ss in discovery, 
which kas gone forward with increasing rapidity since 
that time, may be attributed to the spirit they there 
and then imbibed, and whi(L continued to animate 
so many of them wlien afterwards they were called 
as teachers to other schools. 

A retrospect over .so long a period as sixty years 
necessarily includes the consideration of the claims 
of many workers to a place among the founders of 
our science. It is not always po.ssible. however, 
to determine exactly how new ideas originated, or to 
jissigu to every contributor to their estaldisbment or 
overthrow his just .sliarc of credit. With reference 
to this matter, all I can say is that I have used my 
best judgment upon the recorded evidence, and I 
have endeavoured in all cases to be completely 
impartial. My own recollections carry mo back 
over more than half the period riderred to, and 
I am therefore in a position to speak with direct 
kno^vledge of some of the subjects concerning 
which, in times to come, uncertainty would be likely 
to arisen 

Finally, I desire to point out that this does not 
profess to be a text-book giving a complete picture 
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of the state of knowledge and of tlteory* at the 
moment. Its ol)joet, as already stat^c^ is to show 
by what principal roads we have airivc*d*at th‘c 
present position, in regard to rpiestions of^gcneijlil 
and fundamental importance. 

llOYVI, Ooi.I.KOK OK SCIKNCS-:, 

London, 



PliEPAOE TO THE SE('(W1) EDTTIOX 


In preparing this new edition matter lias heen 
added in order to bring it. up to date, Imt the 
purpo.so of the hook has heen in no way altered. 
The idea is to provide for the student a clear 
statement of the suc(*e.ssive steps which have I(*d to 
the system of theory generally a(;e<‘pted hy chemists 
at the present day. 

The reader will jx'rc.ejve that no finality is sug- 
gested in regard to any part of this system. On the 
contrary, it must be clear that the whole is, and 
must remain, in a state of flux, and liable to readjusts 
merit in conformity with the onward tlow of dis- 
covery. Even those parbs of knowledge which appear 
most consolidated, such as the system of atomic and 
molecular weights, and the development of synthetical 
chemistry, iccluding stereo-chemistry, bristle with 
probi^s which are the subject of almost countless 
researches, and will doubtless be explained as time 
goes on l^ more and more comprehensive hypotheses. 
There is no more instructive exercise for the student 
of science, at any stage of his progress, than a thought- 
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ful consideration of the (^fficulties which confronted 
earlier enquirers, and how they were o’^rcorao. 

Recognising how desirable it is that sludents should 
not only know the names of the leaders of,scientific 
thought, but should perceive correctly th5 connection 
between their discoveries and the general progress of 
their science, I have added to each chapter a series 
of biographical notes. In these I have supplied a 
brief sketch of the life and work of every deceased 
chemist or physicist who has contributed substanti- 
ally to the progress thus far accomplished. To those 
notes has been added information as to authorities 
from which the reader who desires it may obtain all 
the biographical detail which probably now exists. 

In the case of living chemists I have restricted the 
notes to the statement of the present position of each 
one as set forth in the list of members of the Royal 
or other learned Society. 


iMPKRIAL OOLLKOK OF SciEXCK AM) TkCHNOL^X'.Y, 
tieptuvihcr IS) I, 3. 
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THE .PROGRESS OF SCIENTIFIC 
CHEMISTRY 

INTRODUCTION 

When tho French revolutionaries in 1702 tletermined 
that tho dead piust inij^ht bury its dead, that for them 
the world should bc;(in over again with a now calendar 
and the year 1, a new era was indeed about to com- 
nienoo, though in a Cushion and with results which 
they little dreamed of. Lavoi.sier's * head fell to the 
blaile of tho guillotine, but there remained active 
minds among the chemists in Franco and England, 
and the time was near at hand when the conse- 
quences of their discoveries would prove to be more 
momentous than even that great convulsion which 
changed so much in Franco and other countries of 
Europe. Looking back a century, it is easy to see 
the general features of a social state wholly different 
from •that which prevails in all civilised countries at 
the present day. And it would be no exaggeration 

‘ A brief\ccount of the life of Lavoisier and of other ebemitsts 
mentioned in the text will be found at the end of the chapter, 
together with references which may Imj used when fuller informa- 
tion is desired. 
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to say that the greater j^art of the cfcange*s, advan- 
tageous to rich and poor alilje, whifih^ have accrued 
in the course of this hundred years, ai^)se*drrectlyor 
indirectly out of the discoveries in physical Science, 
the full tide of which set in with the opening of thfi 
nineteenth century. Even the progress in Ijidlogical 
knowledge, and the study of the relations of man to 
his surroundings, may fairly bo counted among the 
consequences of the intellectual activity promoted 
and stimulated by the successful physical and chemi- 
cal investigations of this period. Some testimony as 
to the recognition in our own time of the idea that 
the world in relation to science was then passing from 
the old to a now order of things, is to be found in the 
fact that the Uoyal Society, the oldest of the scientific 
societies in Great Britain, and one of the oldest in the 
world, commences its great C(ttalogne of Scientific 
Papers with the year 1800. Previously to this time, 
the only branch of science, apart from pure mathe- 
matics, which may bo said to have made subsUintial 
progress was astronomy ; and even in that case, while 
the mechanism of the heavens was pretty well known, 
observers had yet to wait half a century longer for 
that wonderful instrument the spectroscope, which 
would inform them ivs to the composition as well as 
the movements of the heavenly bodies. In medhanics, 
again, much was known as to the theory of the 
mechanical powers— the theory of latent h6at and its 
application to the steam-engine, the pressure of the 
atmosphere and the use of the barometer— but the 
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properties of gases in relation to temperature, and 
the phenomena of gaseous diffusion, wore yet to be 
.discovered, and the doctrine of the conservation of 
Clergy, one of the really great discoveries of our age, 
had yet to he recognised and established. 

EUictricity wa»s in its cradle in 1800, and as to 
chemistry, the composition of air :ind water, which 
had been established by the diseto erics of Priestley, 
Cavendish, and Livoisicr, the general characters of 
acids, bases, siilts, and the composition of a few 
minerals, were matters of knowledge so recently 
aciquired, that they had hardly become familiar 
enough to be fully realised. The; (huHrine of “phlo- 
giston” was, of c<)urse, by this time defunct. To 
this result many previous (►bscrvations had contri- 
buted, especially the increa.se in weight experienced 
by metals in undergoing calcination, and the con- 
version of cau.sti(^ into mild alkali by the action of 
fixed air (carbon dioxide), clearly established by 
Black. To Liivoisier belongs the credit of having 
recognised the truth concerning the functions of 
oxygen in combustion and as a component of atmo- 
spheric air as well as of acids, ba.scs, and sidts, and 
of having thus transformed the ideas and the 
language of tihemistry. 

The object and chief business of scientific chemistry 
has always been to find out what things are made 
of, to study their properties, and to discover the 
relation of composition to properties. But scientific 
chemistry did not begin till the middle of the 
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seventeenth century, and# its founder was an Eng- 
lishman, Robert Boyle. PrevM)usly, wfeat was caUed 
chemistry, or alchemy, was mainly a oonAs^ mai^. 
of observation largely erroneous, and of hypothesis 
mainly groundless. Two objects had* been set 
before the inquirer, one the production §1* gold 
from base metal, the other the production of a medi- 
cine to cure all disease, including old age. Those' 
days are now long gone by, and all the substantial 
practical advances and inventions of modern times 
may be said to have arisen out of the adoption of a 
new principle, the pursuit of knowledge for its own 
sake. The cultivation of exact okservation of nature, 
the practice of experiment (which is the suhstitution 
of prearranged for natural conditions), and the use 
of common sense in the construction of theories, these 
are the steps which have led to real progress, to a 
better knowledge by man of Ids relation to the uni- 
verse in which he is placed, and the adaptation of the 
forces of nature to his needs and desires. 

The study of chondstry leads us at once to a 
classification of the materials of which the world, 
with its atmosphere, ocean, and inhabitants, animal 
and vegetable, are composed. Wo recognise, first, 
two great divisions in these materials, Viz. simple or 
single stuffs, and compound. From the formdf we 
can extract only one sort of substance, and this we 
call an clement. From iron, for example, we can get 
only iron, while iron rust is a compound, because we 
can get firom it both iron and oxygen. 
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Obsenratiol! of this kind^ however, to be complete, 
must be not oftly qualitative but quantitative. Wo 
must Ichow \^othor the compountl, recognised by a 
certain association of qualities which distinguishes it 
from all other kinds of matO.T, is invariably composed 
of the same materials united in the .same projiortion. 
This has been done for us in a very largo number of 
cases, and the proposition that a given compound is 
definite in its nature, and always contains the same 
ingredients combined in the same proportions, is a 
recognised principle which, though many times 
threatened, survives triumphant To take an example, 
water is a common sub.stanco obtainable from many 
natural sources, and exhibiting variations of colour, 
density, and so forth. Hut these variations arc only 
apparent, and are really due to the prc'sence of other 
things mixed Avith it. It is mo.st pure as it falls from 
the sky, but ca'cn then it brings with it gases from 
the air. When it falls upon the ground it meets 
Avith salts Avhich dissolve, and which, when accumu- 
lated in quantity as in .sea-Avat(‘r, give it a taste; or it 
may dis.solve vegoUble remains and become green, 
brown, yellow, according to circumstances. Pure 
water can also be formed by the cliernist by uniting 
together hydrogen and oxygen gase.s, as first shown 
by Cavendish in 1783, and in other way.s. But 
when separated from everything else— not an easy 
matter, But still possible— we know water as a nearly 
colourless ‘ liquid, which crystallises into a solid at 


^ It lias a blue ooloor when sera in man. 
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0° a (=32° F.), and bqjls at 100° d. ( = 5X2° F.), 
under ordinary atmospheric jrcssur^. ^ It is always 
composed of eight ^ parts of oxygen U) ofie part of 
hydrogen by weight, or one part of oxygen Oo two 
parts of hydrogen 1)y measure, and this admits of no 
variation whatever. , • 

It follows from all this that the idea of the inde- 
dructihility of mitter is taj^en as an axiom. The 
mass of a compound is the sum of the masses of 
the elements which enter into it, and though a sub- 
stance may change its form, it is never diminished 
in amount. From a scries of chemical t ransformations 
any ordinary element ^ may be extracted at any stage, 
possessing the same properties and having the same 
weight as at first. This was probably a hard thing 
to believe and understand before the days when the 
materiality of gases® had been established, and 
practical methods for the management and manipu- 
lation of such light and bulky stuff as air had boon 
introduced. 

Chemists have been industriously testing all sorts 
of materials : the minerals which form the solid earth, 
the gases of the air, the waters of the ocean, and the 
strange, complex, and multitudinous forms of matter 
which make up the bones and muscles, the blood and 
nerves of animals, and the wood, pulp, and juities of 

' The exact ratio is 15 88 to 2 or 7*94 to 1. 

* See Chapter X, Radio-active Eleroents. 

* Ooi, a word invented by the alchemist Van Heimont from the 
Greek x<iot=: chaos, empty space. See also Lippmann, History of 
the word them. Zeiiung, 36, 41 (1911). 
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vej^etables; ai?d out of th^ highly diversified moss 
they have extnlcted, ^ot an infinite number, but a 
strictly'liitiitcd and comparatively small number of 
simpld things. In 1837, the year from which our 
story must iommence, fifty-four elements were known. 
A question at once arises; If definite compound 
substances have a fixed composition, the elements in 
them being always pro.sent in tbi‘ seme proportion, 
what will be the consequence of bringing together 
two or three elements and making them unite ? Will 
the same elements in the same proportion always 
produce the siuno compound ? The answer is that 
this is not always so. The siimo elements combined 
in exactly the .siime proportions may produce two or 
more entirely different suh.stances. For example, 
starch and cotton are both compo.sed of carbon, 
hydrogen, and oxygen in the same proportions 
(0 44'44, H G‘17, 0 49'38 per cent.), and the sugar of 
honey or fruit and the lactic acid of .sour milk form 
another pair of compounds which contain the same 
ingredients in the siimo proportion. But while starch 
forms a jelly with hot water, and is u.scful as a food, 
cotton is quite in.soluble in water, and is indigestible ; 
while grape sugar is cry.stalline, sweet, and neutral, 
lactic acid » liquid, sour, and strongly acid. Here 
is a^ienomenon, then, which must be accounted for, 
not by the nature of the elements present, but by 
some otRer hypothesis. 

The facts of definite combination and of multiple 
combination, where two elements are joined in several 
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proportions to form a s^ies of distinct compoun^, 
were long ago accounted for^by th6 atomic theory 
of Dalton. According to this doctrine, Vhich has 
been the fundamental hypothesis of chemisUry for 
nearly a century, chemical combination is due to 
tho close approximation of the separate paijicles of 
the substances uniting. Dalton has expressed the 
whole idea very clearly in the following piussage 
taken from his Chemical Philosophy (1808): 
“Chemical analysis and S 3 rnthesis go no farther 
than to the separation of particles one from another, 
and to their reunion. No now creation or destruc- 
tion of matter is within tho reach of chemical agency. 
Wo might as well attempt to introduce a new planet 
into the solar .system, or to annihilate one already 
in existence, as to create or destroy a particle of 
hydrogen. All the changes wo can produce consist 
in separating particles that are in a state of cohesion 
or combination, and joining those that were previously 
at a distance.” 

If, then, two elements combining in the same pro- 
portion may produce two or more distinct compounds, 
this can only bo explained, according to the atomic 
theory, by the tissumption that the atoms in the 
different compounds are the same in dumber, but 
differently arranged. But why should atoms* eom- 
bine together at all ? This has been, and probably 
will always remain, one of the fimdamehtal but 
unsolved problems of chemistry. Two bodies at a 
distance from each other are drawn together with 
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a force which is directly ^ the pro{luct of their 
masses, ^and ir^versely jw? the square of the distance 
between them.-* This is the cause of weight, in which 
the^ear\h as the larger body seems to draw all things 
to itself, thortgb the action is alwjiys juutual. So also 
a magnet attra(;ts iron and some other metals ; a stick 
of glass or resin, which has been rubbed, attracts 
light bodies, such tis a feather. 1 n the last case, as 
in the others, the action is reciprocal, the ghuss attract- 
ing the feather and the feather the ghxss, and the 
cause of the attraction is said to be the charge of 
electricity which has been developed upon both 
bodies. But after all, every one of these cases of 
attraction is only a degree loss obscure than that 
which wo call “ chemical affinity,” which operates at 
disUxnces so small as to bo immeasural)ly beyond 
recognition by our senses, and even probably by any 
direct means of measurement which we can experi- 
mentally apply. For although wo know ihc law of 
gravitation jus jilrcjuly stated, and cjin mfike quan- 
titative expressions of the /om with which bodies 
are drawn together in the other cjuses, we cjin only 
make guesses as to the essential nature of gnivitatior), 
and of the attraction due to magnetism or to electrical 
induction. Iti the ca.so of chemi^ml affinity, we not 
only\lb not yet know why substances unite together, 
but there is at present no measure of the law as 
to the distance through which particles of uniting 
substances may act upon each other. Nevertheless, 
speculation has of course not been wanting, and 
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among the several hypotheses concerning the nature 
of chemical affinity, none hag attracted more atten- 
tion, or shown signs of greater vitality, than the one 
attributing chemical combination to the ex^stejnce 
upon the atoms of charges of electricity of opposite 
kinds, in virtue of which they unite to forn^ more or 
loss completely neutral products. This idea was de- 
rived originally from discoveries in connection with 
chemical decomposition by an electric current, — begun 
by IJ^icholson and Carlisle, when in 1800 they for 
the first time decomposed water into oxygen and 
hydrogen ; continued by Davy, who discovered potas- 
sium and sodium by the same agency ; employed by 
llorzelius as the btisis of his celebrated theory; and 
studied lastly and chicfiy by Faraday, who enunci- 
ated the quantitative statements which arc known Jis 
Faraday s laws of electrolysis. In the decomposition 
of compounds by the current, the elements range 
themselves under two cltvsses, namely, those which in 
electrolysis go to the anode^ or positive electrode, 
and those which appear at the cathode or negative 
electrode. The former of these two classes includes 
oxygon, chlorine, bromine, sulphur, and others which 
are called imjative elements ; and the latter includes 
hydrogen and the metals which are called positive. 
But while it is true that a strongly positive element 
unites with a strongly negative element to form a 
very stable combination, there are many facts which 
render very difficult the application of this electro- 

^ These terms were introduced by Faraday, and are in common uy . 
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chemical hypothesis to all ^*ases of chemical com- 
binatioih ^ * • 

In 1837 fhoigreat Swedish chemist Berzelius was 
stilly living, and his views about the composition of 
salts and acids were still predominant. Lavoisier had 
taught that the compounds of oxygen with metals 
formed laises, while the compounds t)f oxygen with 
non-metals, such as sulphur, wcr<' acids. By union 
of a base with an acid a sjilt was formed. Thus 
sulphate of soda was composed of soda or oxide of 
sodium, and sulphuric acid or trioxido of sulphur. 
Later, when it was found that .salts may bt5 formed by 
the union of elements like chlorine with metals, the 
name halogen ^ was given to such elements by Berze- 
lius, and two cla.s.ses of .salts, called respectively haloid 
and aviphid salts, were recogni.sed. But in each cbiss 
the proximate con.stituents of the salt, that is, the 
sodium and chlorine of common sjilt, and the soda 
and sulphuric acid of sulphate of .soda, were, accord- 
ing to the Berzelian clixssification, rcsjxjctively electro- 
positive and electro-negative, and in the compound 
were united by electric attraction. I'araday before 
this time had definitely declared his belief in the 
identity of electricity and chemical affinity ; and 
Daniell, in Ifis well-known Clir/miml Phihmphij* 
published soon after this time, refers constantly to 
“current affinity” in describing the effects of the 
electric current. 

* dXt m. sea-salt, or simply salt. 

‘ 1839. Second edition, 1843. 
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Such, then, were in general terms the views com- 
monly accepted in inorgar^c chemistry. Faraday 
having long abandoned the pursuit of pure chemistry, 
the most famous by far among English chemists^ was 
Thomas (Tralmm, then Professor of (!!hcmistry in 
University (Jollcge (“The University of London”), to 
whom science is indebted for his discoveries in con- 
nection with gjiseous and liquid diffusion, and for his 
advanced views on the constitution of such acids as 
phosphoric acid, which are now called polybisic. 

At the beginning of the century Germany had few 
chemists, and none of the first rank. In 1837 Liehig 
was in the height of his fame. Put this distinguished 
man, whoso work and teaching were destined to have 
so great an influenco on the scientific and industrial 
future of his own country, and so powerfully to stimu- 
late the development of scientific chemistry in Eng- 
land, had been compelled in his own youth to seek 
the instruction he wanted in the laboratory of a 
French chemist. His first investigation was made 
in Paris under the direction of Gay-Lus.sac, and his 
first paper was publishc<l in the Annales (ie. Chimie. 
vt lie Physique. Liebig did much to jx)int the way 
to the physiologist, the agriculturist, the manufac- 
turer, in the practical application of •chemistry to 
useful purposes; but the great work which h« had 
achieved in 1837 was to inaugurate the systemati- 
sation of what was then rightly called* organic 
chemistry, as distinguished from the chemistry of 
minerals, salts, and inorganic nature in gener^. 
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Previously to his time the composition, to say 
nothing of the “ ^onstit^ition ” of such substances as 
alcohol, sugJir, wid the vegetable acids, was almost 
unknovfti. Various imperfect and difficult methods 
of analysis of* such substances had i)ecn used succes- 
sively by Jiavoisier, by (la^^-Lussiic and Tlubiard, by 
Berzelius and others; but it was only after an in- 
vestigation extending over seven or eight years that 
Liebig succeeded in devising the process which, in 
principle and with rnodificiitions relating only to 
details, is used in every laboratory for the same 
purpose at the present day.^ All the compounds in 
question contain carbon, associated with hydrogen, 
oxygen, nitrogen, sulphur or other eleinenls, one or 
more of them ; but the great majority contain carbon, 
hydrogen, and oxygen with or without nitrogen. 
When such a eoinpound is burnt in oxee.ssof oxygen, 
or in contact with a substance whi(;b yields oxygen, 
the carbon is wholly converted into carbon dioxide, 
the hydrogen is converted into water, the nitrogen is 
set free. These products are easily collected and 
their weight determined, and inasmuch as the com- 
position of carbon dioxide and water is accurately 
known, the proportion of carbon and hydrogen in 
the substance burnt is easily determined. The exact 
determhiation of the composition of a large nmnl)er 
of compounds of organic origin, such as those already 
mentioned and a study of some of their transforma* 
tioiis and of the products obtainable from them by 

1 i’oggendorff's Annalcn, 21, 1. 
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oxidation and othorwisf, led to very important con- 
sequences; for in the en^l a dSfinite system of 
organic chemistry was established, and this was bas^d 
upon the idea that whereas inorganic compoflnds are 
formed of elements united together in^lifferent pro- 
portions, organic compounds were formed, of groups 
of elements which were capable of passing from one 
combination to another, and of appearing as com- 
ponents of many distinct compounds, as though they 
were simple. And just as in inorganic chemistry 
there are metals and non-metals which stand in anti- 
thesis to each other, so there are organic “ radicals,” 
us those groups were called, some of which play 
the part of metals, others of elements like sulphur, 
chlorine, or oxygen. Organic chemistry, then, came 
to bo regarded as the chemistry of (jompound 
“ radicals.” 

Ido<us of this kind, however, rarely receive general 
adoption immediately. It had already been shown 
by Gay-Lussac that cyanogen, a compound of carbon 
and nitrogen, habitually imitated the element chlorine 
in its combinations. But the establishment of the 
idea of compound “ radicals " and their relation to the 
properties of series of compounds was undoubtedly 
duo to the investigation by Liebig ami Wohler into 
the compounds of benzoyl exiting in 

bitter-almond oil, in benzoic acid, and in the com- 
pounds immediately derivable from them.* The pro- 
pagation of this doctrine was, however, not left to 
the efforts of Liebig and Wohler alone, for by 1837 



DUCTlONl DISCOVERY OF SllBSTlTUTlON lo 

• * 

Dumaa in Franco had so £ 0 % adopted the idea, that 
in a communicatihn majo jointly with Liebig to the 
Academy of Sciences,^ he announced formally his 
adheaiofi to the doctrine. In mineral chemistry, ho 
sixys, the radicals arc simple, in organit; chemistry tlie 
radiciils ajo compound : “ Voila toutc hi difference!' 

Dumas himself, senior to Liebig by idxmt three 
years, had made hy this time v<‘ry important dis- 
coveries. Of the.se the most striking, whether con- 
sidered in reference to its iidluenco on the ])rogrc.ss 
of “organic” chemi.stry, or its relatioii to the electro- 
chemical theory of combination, is the di.scovery of 
the phenomenon of “substitution.” The .story goes 
that attention wjis drawn to the action of (;hlorine 
upon Avax, by the annoyance cau.sed at a .soiree at 
the Tuileries by the irritating funu's emitted by 
the candles, which hurned with a .smoky Hame. It 
turned out on impury that tin*, wax had hecn 
bleached by chlorine, and the fumes emitted on 
burning were duo to hydrogen chloride. Researches 
imderUken by Dumas led to the discovery in 18114, 
that ill contact with many organic coinjiounds 
chlorine is capable of re[)lacing hydrogiai atom by 
atom, so that for every atom of hydrogen removed, 
an atom of chlorine takes its place. It may be easily 
imagieftd how distasteful such a discovery would be 
to Berzelius and the .school of electro-chemists, in- 
volving aS it does the idea that a negative element 
may be exchanged for a positive clement, without a 
* Complcs Hendut, v. 5G7 (23rd October 1HS7). 
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fundamental alteration jn the cherafcal cBaracter of 
the resulting compound. TJiat sueh is the case was 
not admitted without a controversy Vhrch extended 
over many years. It has long been known that the 
property displayed by chlorine is possessed by bro- 
mine, and under proper conditions by iodine, and 
oven by compound groups, such as the oxide of 
nitrogen derived from nitric acid. 

Such then was the general condition of knowledge 
relating to chemistry, and to those branches of science 
immediately connected with it, which had been estab- 
lished in the former half of tlio nineteenth century. 
The position of science, however, will be better 
appreciated if it is remembered that at this date 
none of the special societies which exist for the 
cultivation of pure or applied chemi.stry and physics 
had come into existence.* The Royal Society of 
London (chartered by (diaries II in KiGIl) and the 
Royal Society of Edinburgh (founded 1783) were the 
only important Societies to which communications 
relating to discoverief in chemistry could be appro- 
priately addressed in this country, and in the Philo- 
sophical Tramactiom of the Royal Society of Lo7idon 
are to be found the greater part of the discoveries 
made by Davy and Faraday. But sfter the death 
of Davy in 1829 it seems probable that theijB was 

* The Chemical Society of London was founded 1841 ; Phar- 
maceutical Society of Great Britain, 1841 ; Sooi^t6 ^himique de 
Paris, 1858; the Berlin Chemical Society, 1867; the Physical 
Society, 1874 ; American Chemical Society, 1876 ; the Society of 
Chemical Industry, 1881. 
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considerable justification foi« complaint as to mis- 
management in^the Royfil Society, such as took shape 
ii\ Babbages Jlsfiectimin oii tfie Declim of Science 
ill I^nylavd, published in 1830. This, however, was 
a state of thhigs destined soon to pass away, for not 
only was*Faratiay at work at the Royal Institution, 
but in 1831 the British Association for the Advance- 
ment of Science started upon its prosperous career. 

Wo may now proccotl to trace the course of dis- 
covery in chemistry, but sis this necessarily advanced 
11^)011 several lines, which were in the beginning at 
any rate (piitc distinct from each other, it will bo 
advantageous to follow ihese separately, taking one 
at a time. 


BIOGRAPHICAL NOTES 

Claudk Lor is Bkrthollbt waa born at Talloire, near 
Annecy, in Savoy, on 9th Dec. 1748. Ho studici medicine in 
Turin, and after obtaining liis dogree ho wont to Paris. 
Havinj{ boon appointed physician to the Due d'Ch-h-ans, he 
duvoted himself to the study of chemistry. In 1785 he declared 
himself a supporter of Lavoisier’s anti-phlogistic doctrines. 
During the i evolutionary period iJerthollet rendered much 
service in advising en the manufacture of nitre and in the 
production of iron and steel. He accompanied Buonaparte to 
Egypt, and after jjis return was nominated a Senator of France, 
and afte^ards when Buonaparte liecame emperor was created 
a peer. * Ho died on 6th Nov. 1822. 

Borthollet’s fame rests partly on his application of chlorine 
to the purpe^ of bleaching, and in this connection the pro- 
duction of “chloride of lime,” but more especially on the views 
put forward in his famous Euai de fitatique Chimique, published 
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Tho law of definite pro^rtions was finally established in 
opposition to the views of Berthollet, after a long controversy, 
in which the facts were chiefly^upplied by the investigations 
of Proust (a Frenchman, for some years piOfessor in Mrfdnjd), 
who analysed various oxides, sulphides, and carbonates. 

[l!hoinson’R History of Chemistry. Vol. ii, ^831.] * 

Jonh Jacob Berzklius was born 20th Aug. J779 at the 
village of Wafursunda, in East (Jothland. 'The son of a school- 
master, he studied medicine at tho University of Upsala. In 
1804 ho graduated M.D. and commenced practice in Stock- 
holm, but in 1806 became a professor in the University and 
lectured on medicine and on chemistry. He early occupied him- 
self with tho eflects of tho Voltaic pile, and in 1803 published, 
jointly with Hisinger, a paper on electrolysis, in the course of 
wliich ho described “ammonium amalgam.” He spent much 
time in determining the proportion of oxygon present in many 
oxides, and showed the connection between the quantity of 
oxygen in tho base and tho amount of acid required to form 
witli it a neutral salt. He devoted many years to tho analysis of 
compouiuls for tho purpose of determining tho atomic weights 
of the elements, and, adopting Dalton’s atomic theory, applied 
Mitschorlich’s law of isomorphism to settling tho composition 
of oxides. Ilerzelius introduced the symbols which since his 
time have been used to represent atoms, namely, the initial 
letters of the Latin names of the respective elements. His 
electro-chemical theory of alHnity has been considerably 
moditieil, but Herzelius was tho first to show experimentally 
that in organic compounds tho elements are united, as in 
inorganic compounds, in definite atomic proportions. In tho 
examination of tartaric and racemic acids ho discovered iso- 
merism. Horzolms discovered cerium (1803), selenium (1818), 
and thorium (1828), and isolated silicon, Kirconium, and tan- 
talum. Ho died at Stockholm, 7th Aug. IS^H. 

[Obitiwry by H. Hose, translated into tlie A mrnVrtn /our». 
Na., [21 xvi. and xvii. (1853 54). Obituary, I’roc. Rttyal Nor., 
vol.6, 872 (1849). Hidory of Olifuimil Theory. A.iVurtz. 1869.] 

J(>.sErH Black.— Horn at or near Bordeaux, 1728. After 
education at a grammar school, chieHy at Belfast, he entered 
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the University of Glasgow, wher% he studied medicine. He 
graduated M.D. at Edinburgh in 1754, and subsequently became 
Professor tif li(edi<?ino at Glasgow. Black studied latent heat 
with important results. Ilis must important chemical work 
consisted* in Erperimnitt on AUtijnenn, (Juicklimr, and olhrr 
Alcalnu; SiibManee$ (1777), published after lie became Professor 
of Chemistry in the University of Edinburgh. Ho died 10th 
Nov. 1709.* 

[lliitorij «f Vhninii(r\j Thus. Tliomsmi. Vo!, i. (IH,'!!).] 

lloiiKKT Bovlk.. Seventh son and fourteenth child of Richard 
Boyle, first Earl of Cork. Born at Lismoro, 2.5111 Jan. 
10:17. Kdiicati'd at Eton ami on the Continent. Settled at 
Oxford, and there erocteil a laboratory. In 1662 published 
exiioninental proof of “ Boyle's Law” coniu'cting volume with 
elasticity and pressure of gase.s. To«»k a leading iwrt in 
founding the Royal S<M'iety. In his book entitled Thi: Sceptical 
Clicmxxt (1080), he gave the death-blow to the alohumistic 
doctrine of the Ina pmna^ and laid the foundation of chemical 
science by supplying the definition of a chemical element which 
has been accepted d(»wn to the jirohont day. 

Boyle never mariied. He died in London, .‘fotli Dec. 1691. 

[pKlionury of Nationol llioiiraphy. ui llxiionral 

i'hnnutnj. Thorpe ) 

Anthony CAiumt.K, born 1768, died IHIO. Surgeon; 
knighted 1820. 

[Dictiovax'if of Xutioiial ltii<<irnp}nj.\ 

Hknky C WEXiusH, the son of Lord Charles Cavendish and 
grandson of the second Duke of Devonshire, ivas Inirn at Nice, 
1731. Educated at Peterhouse, Cambridge, ho studied mathe- 
matics and experimented in physics and chemistry. His 
greatest chemical ^discovorie.s were the identification and dis- 
crirainatipn of hydrogen from other kinds of “inflammable 
air,” the determination of the composition of water, and the 
estahlishment of the practically constant proportions of oxygen 
in atmosphere air. But he was also the first to give a rootiKKi 
for estimating the density of the earth, and his name is 
associated with this method, the application of which is known 
as ^he “ Cavendish Experiment.” 
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He died in London on 4th Feb. 1810, leaving a very 
large fortune. * 

[Life of the Honourable Henhj Cavendiih. jQeo^ge Wilson. 
Cavendish Society, 1851. Ensaijs in Hietoncal Chemutry. 
Thorjxj.] 

John Dalton, born at the village of Eaglosfield, near Cocker- 
mouth, Ouinboi land, 1766. At fifteen he became assistant in a 
school at Kendal, of which ho ultimately hwame Principal. Tn 
1796 ho removed to Manchester, and for six years acted as Tutor 
in Mathematics and Natural Philosophy in tlio New College. 
Suhse<|uently he worked a.s private tutor, occa'^ionally lecturing 
in London and other places. Iteiuemhercd chiefly fis the author 
of the At(tmic Theory in its application to Chemical Combina- 
tion, hut made important observations on the con.stitution of 
mixed gases and the expansion of gases by boat. His views 
are expounded in his Nctc l^ystvin of Chnnu'nl Philo^oiihij^ of which 
the Hist volume appeared in 1808. Ho sufTered from an ex- 
treme form of colour-blindno.ss, of which ho gave an account in 
17!M. 

Died at Manchester, ‘27th July 1841. 

[L{f(\ by W. C. Henry. Cavendish Society, 18.')4.] 

John Fiikdkhk’K Daniell, born 12th March 17f)(), in 
London. His earliest oontributioiis to science related to 
meteorology and crystallography. In 18.60 ho described the 
pyrometer which bears his name, and for this ho received the 
lUimford medal. Ho was at this time appointed first Pni- 
fossor of Chemistry in King's College, Ls)ndon, and thereafter 
ho devoted himself chieHy to electro-chemistry. He devised 
the cofistant battery known as DanieU’s. In 18.69 he became 
Foreign Secretary of the Uoyal Society, and while attending a 
meeting of the Council he died suddenly 'of apoplexy, 13th 
March 18 45. * • 

[P^i7. M(uj.y 28 , 409 (1816). Memoirs of (he ('hem, Soc,, 2, 329 
(1845).] o 

Humphry D.vvy was born at Pensance, 17th Dec. 1778. 
Educated at Pensanoe Grammar School and at Truro. When 
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twenty years of age he became iwsiltant to Dr. Beddoes at the 
Pneumatic Institutioif, Bristol, where he dis4*uverod the anies* 
thotic pro(ierty,of ffitruus oxiae. In 1801 he rem<»ved to the 
R< yal Institution in I^)ndou, where he was first appointed 
Assistant* Lecturer, and subsequently, in 1802, Professor of 
Chemistry. Here ho isolated )>ota.sHium and sixlium by elec- 
trolysis of the hydroxides, demonstrated the elementary nature 
of cldorine,%nd invented tlio miner’s safety-lamp. Created a 
baronet 1818, and elected President <*f tl»o Royal Society 
1820. 

Died at (lemna, 29th May 1829. 

[Life, by his hr<tthor, .lolin Davy, Two vols., 18:10. Hum- 
ph y Vary, Pwi and Philosuplttr. T. K. Tluuqie. 1890.] 

.Ikan Baitistk Andki^ Di mas was born at Alais, in France, 
Uth Jidy 1800. Apprenticed to a pbarmacion at Alais. In 
1810 he a’cnt to (Joneva, where be attended the lectures of 
•le Candolle, Pictet, and C. de la Hive. He removed to Paris 
m 1 h 2.‘1, and obtained employment as Hcpctiteur de Cliimio to 
'rii^nard's lectures at tlie Nicole Polytechnique. Subsequently 
be iHicame Professor at the Athenieum, a simn-popular in- 
stitution. In 1826, in a pajier on the Atomic Theory, he described 
his method of taking vaiKUir densities. S««m afterwards he 
discovered the substitution of hydrogen in organic compounds 
by chlorine. In 1829 he founded the f^xile Centrale des Arts 
et Manufactures, where ho lectured till 1H.'>2, In 18.32 he 
succeeded Gay-Lussac as Professor at the Sorlionno, and a 
few years later undertook also the Chair of Chemistry at the 
ftcole do Mcdocine. 

Dumas’ name is associated with the early phases of the 
theory of types, and with speculations on the numerical re- 
lations of the atomic weights. 

In 1869 Duma8|delivered in London the first of the Faraday 
LecturM, organised by the Chemical Society in memory of 
Faraday. He was recipient of many other honours, including 
the Copley Medal of the Royal Society and the Prussian Order 
pour le 

He died at Cannes, 11th April 1684. 

[Olntoary in the J<mn. Ckem. Hoc., 47, 310 (1885). Emys 
injiutorical Chmidry. T. E. Thorpe.] 
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Michael Faraday, borniat Newington, Surrey, 22nd Sept. 
1791, was tlio son of a blacksmith. AfUer being apprenticed 
to a bookbinder he l)ecame lalwratory astfistajit td Davy at 
the Royal Institntioj). In ISl.'l he travelled as secretary and 
valet with Sir Humphry and Lady Davy, returnirfg to the 
Royal Institution in 18]r>. In 181(1 ho beganclecturing in the 
City, and in the same year produced his first paper on a Speci- 
men of Natural Caustic Lime. Ho began lectuting at the 
Itoyal Institution in 1827, and was appointed first Fullerian 
Professor of Chemistry in 18.‘13. In 1821) he becamo one of 
the Scientific Advisers to the Admiralty, and in 1830 Scientific 
Advisor to the Trinity House. Ho was the first to make system- 
atic experiments on the liquefaction of gases, and discovered 
benzene 182.*). Faraday discovered electromagnetic induction, 
and made a largo number of other discoveries in connection 
with I'hictrieity and magnetism, of which the most important 
to the chemist are the laws of electrolysis. 

From 1835 Faraday received a pension from Covernment, 
and in 18.')8 the use of a house at Hampton Court, where ho 
died, 2r)th August 18(;7. He is buried in Highgato Cemetery. 

[Life and Letters of Mieluul Faraday. Henry Bence Jones, 
Two vols., 1870, Faraday an a IHncoverer. John Tyndall, 
18(18.] 

Lol'Ih JosKi'ii (1a\-Li-.ssac-, Imrn 6th Dec. 1778, at St. 
Leonard, a small town near Limoges. In consequence of the 
Revolution his education was imperfect till, iu 179.5, ho was sent 
to Paris to prepare for the examinations of the ^ole Poly- 
technique, to which ho gained admission in December 1797. 
Borthollet was then Professor, and under his influence and that 
of Laplace the youth was guided in his study of the physical 
properties of gases. His first paper on the dilatation of gases 
by heat was published in 1801. In order to ^st the extent of 
the magnetism of the earth he ascended alone in a lyilloon to 
the height of <000 metres. He also brought down samples of 
air from this elevation, which he analysed. In 1808 he pub- 
lished the result of his researches on the combinaBon of gases 
by volume, and established the law which usually bears his 
name. After the discovery of sodium and potassium by Davy, 
Uay-Lussac, in association with Thcnard, discovered that th^e 
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oxides could ho decomposed by iroi^ai a high temperature and 
the metals more readily isolated. In 1H15 he discovered 
cyanogen.* In addition to tlfose researches he made a large 
number of estimations of the solubility of salts in water, and 
introduced many improvements in analytical processes, notably 
in corftiection wjth the wet assay of silver. His last memoir, 
published in 1848, was on Aqua Regia. (Jay-Lussac held many 
public officqp and received many hiuiour.s, tinally l>ocoming in 
1839 a memlter of the House of Peers. 

He died on the 9th May IH.'iO. 

'[Priwediwj^ of (he Royal Socitly, vol. v. p 1013 (lSr)0).] 

Th<).m.\r (jUMIam, born in Glasgow, iJlst Doc. 1805, Ho Wi« 
educated at the High School and University, and studied chemis- 
try under 'I’homas Thomson at Glasgow, and after graduation 
attendod the lectures of HojK) and Leslie in Edinburgh. In 
1829 ho was apj>ointed Lt‘ctuicr at the Mechanics Institute, 
Glasgow, and the following year liecame Lecturer in Ghemistry 
at Anderson’s (!ollego. In 1833 he published restvarches on the 
three phosphoric arui8,and in 183(1 was electial F.R.3 In 1837 
ho was appointed to succeed Turner as Professor of Ghemistry 
in the now Uidvorsity of London (University ('>(*lh‘ge). First 
President of the Ghemical Hocioty, founded 1841. Graham’s 
name is especially associated with the study of gaseous dif- 
fusion, of which he announced the law in 1 83 1, and investi- 
gations concerning the diffusion of liipuds. lb- also discovered 
the phenomena of the absorption of gases by cotloiils and the 
separation of the constituents of gaseous mixtures by means 
of colloids and metals, 

Graham die<i in I.tondou on the IGth Sept. IHG9. 

[Life and IVoriu of Thomas (Laluim, by K. Angus Smith. 
Glasgow, 1884, Obituary, Joam. Vhein. Sor., vol. xxiii. p. 293 
(1870).] 

AmdiNE Lai RENT Lavoisier, born in Paris, 2()th Aug. 1743. 
Educated at the ColR-ge Masarin. He at first studied law, 
but soon tcAk up mathematics and natural science. Having 
studied geology and mineralogy with Quettard, he accom- 
panied him (1767) in his travels through the eastern parts of 
Fnnce, collecting minerals with a view to the Mineralogical 
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Atlas, published some years later. In 1765 he sent his first 
paper to the Academy of Sciences. Tlyugh heir to a large 
fortune he joined at this time tiie Ferme, g^neraUf a company 
of financiers to whom the State entrusted the collection of the 
indirect taxes. In 1771 he married Marie Anne J^ierrette 
Paul/.B at the age of fourteen years. She devoted herself to 
the improvement of her education and became*a very valuable 
assistant to her husband. After Lavoisier’s death ghe married 
Count Rumford (q.v.). 

In 1774, after the discovery of oxygen by Priestley, Lavoisier 
was able to give the true explanation of the process of com- 
bustion, and having found oxygen in nearly all acids he gave 
to it the name principe oxygine^ and later oxyg^ie. This anti- 
phlogistic doctrine was also applied to the explanation of the 
increase of weight sustained by metals when calcined in the 
air. Irfivoisier also showed that the common bases and acids 
consisted of oxides, and that by their union they formed 
salts. 

Many works of public utility were undertaken by Lavoisier, 
Imt he had the misfortune to live ait the time of the Revolution, 
and having been a member of the “ Ferme,” was condemned by 
the Convention, and on 9th May 1794 suffered death by the 
guillotine in company with twenty-seven other fermiers 
g»'n6raux. 

[Lavouier, par Ed. Crimaux. Paris, 1888. Esaays in His- 
torical Chemistry, T. E. Thorpe.] 

JusTDH VON Lumo, born at Darmstadt, l2th May 1803, 
where his father was a colour manufacturer. He passed through 
an unsuccessful school career at the local gymnasium, and at 
the ago of sixteen was apprenticed to an apothecary. Being 
as little fitted for pharmacy as for classical studies, his father 
allowed him to proceed to the University of Bonn and sub- 
sequently to Erlangen. The teaching of chemistry in Germany 
being unsatisfactory he went to Paris, and after some difficulty 
obtained admission into Gay-Lussac’s laboratory. In 1824 he 
was appointed Professor-extraordinary at Giesssp, and two 
years later ordinary Professor. Here he remained till called 
to Munich in 1862. He died on the 18th April 1873. In 
association with Wohler he studied the essential oil of bitter 

o 
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almonds and its products, the in^stigation resulting in the 
theory of compound radicals. 

Liebig mvenfed the combustion method of organic analysis 
and discovered a large number of compounds, ii\oluding chloral, 
chloroforfti, and many cyanogen comimunds, and jointly witli 
WohlSr many pr,^)duct8 from uric acid. He also studied many 
questions connected with physiology and agriculture, and 
showed tha» importance of mineral matteis, esj)ecial!y potash 
and phosphates, as plant food. 

Liebig’s great and most permanent service to science was in 
the establishment of the school of chemistry at Giessen, 
whore experimental research was for the first time made the 
distinctive feature. 

[7'he Li/e iVork of Luhuj. A. \V. Hofmann. Jouni. Chevi. 
vol. xxviii. p. 1065(1875), Lubuj and Uk hifiiicnce on the 
Progress of Modern Cheimstry. W. A. Tildon. Nature, 24th 
Aug. 1911.] 

William Nicholson, liorn 1753, «lied 1815. Editor of the 
Journal of Natural Philosophy (1797 1815). Inventor of 
Nicholson’s Hydrometer. 

[IHclionary of National Piogu(]iliy J 

Joseph Priestley was born at Fieldhead, near Leeds, 13th 
March 1733. He received a grammar-school education, and at 
the age of twenty-two became pastor of a small Presbyterian 
congregation at Needham Market. After a time he adopted Uni- 
tarian doctrines, and became minister at Nantwich and tutor 
in Language and Literature at Warrington Academy. In 1767 
he became minister at Mill Hill Chapel, Leeds, and in 1780 re- 
moved to Birmingham. The opinions expressed in his volu- 
minous theological writings brought him unpopularity, which 
culminated in the destruction of his house, books, and 
apparatus by a mob. He then removed in 1791 to London, 
where he preached at Hackney, but in 1794 he emigrated to 
America and ultimately settled at Northumberland, Pennsyl- 
vania, wher^he died on 6tb Feb. 1804. 

Priestley’s most famous discovery of oxygen was made 
1st Aug. 1774. He studied many other gases or varieties of 
air, and isolated ammonia and nitrous oxide. 
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[Dictionary of National tioqrapliy. History of Chemistry. 
Thos. Thomson. Vol. ii., 1831.] . 

Lc)ni8 Jacques Th^naud (Baron Tlu'-nard) was ^boni on 
‘Ith May 1777, at Nogont-sur-Seine, in Champagne. The son 
of a poor farmer who, however, contrived to gfVe him a liberal 
education, ho was sent to Paris at the ago of sixteen to study 
pharmacy. Hero ho studied under Vampielin at the ColU-ge 
do Franco, and afterwards obtained an appointment at the 
Fcolo Polytechniciue, whortj in a few years he became Professor. 
He was associated with Cay-Lussac in many chemical re- 
searches. His most important discovery was peroxide of 
hydrogen. His name is associated with a blue colour con- 
taining cobalt. 

rhcnard, after the Revolution of 1830, was called to the 
House of Peers with the title of Baron. He died 21 st . I line 18:)7. 

[Obituary, Quart. Jouni. if the Chnn. Sor., vol. ii. p. 182 
(18f,9).j 

h KiKDliiCM Won I, KU, born 3l8t July 18(X). Ho entered the 
University of Marburg, but afterwards removed to Heidellierg, 
where he worked under the direction of (jinelin. After taking 
his degree in medicine he proceeded to Stockholm with the 
object of working in Berzelius’ laboratory. His earliest 
investigations were occupied with cyanic acid, and in 1828, not 
long after his return to Cerinany, ho announced his discovery 
of the artificial production of urea. In 1826 ho was appointed 
to teach chemistry in the New Trade School in Berlin. In 
1827 he isolated aluminium. About this time ho became 
acquainted with Liebig and conducted many researches jointly 
with him, notably the study of essential oil of almonds referred 
to in thotoxt.‘ In 1831 Wohler was transferred to the Trade 
School at Cassel, and in 1835 he succoeddd Stromeyer as 
Professor of Chemistry in the University of Gottingen*. Here, 
after a research on uric acid carried on in association with 
Liebig, he turned chiefly to inorganic chemistry, if which de- 


* Their letters have been collected into two volumes by Emilie 
Wohler and A W. Hofmann. Brunswick, 1888. 
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partment ho made many dUcoverieJ He published 236 papers 
in his own name in addition to many others in which he was 
associated'with BufiF, Liebig, Deville, and other chemists. 

He died 23rd Soft. 1HH2. 

[Obituary, Joiirn. Vheni. Soc., vol. xliii. p. 2f)H (1883).] 
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MATTEIl AND ENEUDV 

It hits alroluly boon pointed out in the Introduction 
that (ilunnical (diangos are attended by transmuta- 
tions in the form of matter, but never by any gain or 
loss in its amount. The doctrine of the conservation 
of matter tcjiches that ponderable things are inde- 
striuitible, jind that, the anmunt of matter in the 
universe, so far as its conditions are yet known, 
is absolutely constant and invariable. Without this 
fundamental postulate no system of clicmistry could 
exist, nor indeed could the present order of things 
endure. This was practically acknowledged so soon 
as the minds and the writings of chemists were freed 
from the iiiHucnce of the old theory of phlogiston, 
and hence wo may say that it was adopted from the 
time when Lavoisier's explanation of combustion wixs 
accepted. « 

A second C(pially important principle is, however, 
necessary, though its full recognition was delayed for 
another half-century. This is the doctrine which 
affirms the indest'nictibility of energy; but it required 

for its establishment the thought, observation, aqjd 
28 
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experiment of many generalions of men. Newton 
had, no doubt, clear* view# of his own upon the sub- 
ject, and these ^received expression in his statement 
of the laws of motion ; but the experimental work of 
Rumford and* Davy upon the production of heat by 
friction, were required to ])rovo that such a form of 
energy as heat is not matter, as had been previously 
sup{X)sed. Measurements of the ( orrelation of heat 
and mechanical work were not made till forty years 
later, chieHy by Dr. James I’rescott Joule, of Man- 
chester. If the determination of the first precise 
quantitative relations be regarded as the best foun- 
dation of exact knowledge, and if, jis we now believe, 
this kind of knowledge is es.sential to the formation 
of correct ideas concerning chemical changes, then 
the name of Joule deserves to be ranked along 
with those of Boylo, Ljwoisicr, and Dalton, who 
have successively, at different times, by different 
writers, and for <liffcrcnt rea.sons, been invested 
with the title of Father or Founder of modern ' 
chemistry. Since the recognition of the funda- 
mental idea that all chemical changes involve 
redistribution but no destruction of energy as well 
as of matter, and that the sjimo matter asso(*iatcd 
with different amounts of energy Jissumcs very 
differeift iisj)ects and properties, the progress of 
chemistry has been more rapid than in any pre- 
vious period. 

It is, however, time that .some explanation should 

offered as to the modem use of the word energy, 



30 THE PROGRESS OF^ SCIENTIFIC CHEMISTRY [CHAP. 

and its application \n\^ connection with chemistry as 
well as other departments (?f physical science. When 
hydrogen combines with oxygen in .due proportions 
the solo material product is water ; but another and 
very significant effect is produced during the act 
of combination, and that is tbe evolution of heat. 
This heat is communicated to tbe water formed and 
to the walls of the tube or other vessel in which 
the gjises arc brought together, and it is thus soon 
dissipated. But the amount of beat thus produced 
can bo measured, and this is usually done by obser- 
vation of tbe rise of temperature in a given (piantity 
of water into which tlie beat is conveyed, or what 
comes to tbe same thing, the determination of tbe 
amount of water, the temperature of which is raised 
one degree from zero. That amount of boat which 
will raise the temperature of I part by weight of 
water 1 degree is spoken of as I calorie or 1 unit 
of boat. The .same result can be attained hy observ- 
ing other thermal cffcct.s, as, for example, by noting 
the amount of ice melted. 

Now when I part by weight, say I gram ^ of 
hydrogen, is burned in oxygen, and the water formed 
is collected in the liquid state, tbe amount of heat 
evolved is sufficient to raise the temperature of about 
34,000 grams of water 1°, or, in other words, 34,000 
calorics or units of heat are evolved. This includes 
a certain (piantity of heat, about 5500 units, which 

‘ Throughout the book weights and measures of the luetric 
system and degrees of the Centigrade scale will be used. 
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is given out in the change of fio water from the state 
of vapour, in which it is farmed, to the state of liquid, 
in which it is collected. The amount of heat pro- 
duced in this way is constant for unit weight of 
either hydrogin or oxygen, and wliethcr combination 
Ukes place quickly, hy exploding a mixture of the 
two gases in a strong vessel, or slowly hy hurningone 
of the gases at a jet in an atmosphere of (he other, or 
hy bringing them together in the presence of spongy 
platinum which makes them comhinc, the amount of 
heat given out is always ;U,()00 calories per gram of 
hydrogen. From this w'e learn that when hydrogen 
comhincs with oxyge?i a definite quantity of some- 
thing is lost hy tlie ehnnents, and passes out of them 
in the form of heat: this something is called energy. 
The water which has heen forme<l may he made to 
yield iq) the hydrogen and oxygen whi(;h have com- 
hined for its formation, lait this can only he brought 
about on condition that that energy is restored to the 
two elements. This result may he rea(;hcd in several 
ways, as hy the action of a liigh temperature, or hy 
the use of an electric current, or indirectly by the 
use of chemical agents, 

Tf a penny is rubbed hard upon a hoard it becomes 
heated, and it Js said tliat by hammering a piece of 
cold iron a skilful blacksmith can make it even red 
hot. In both such cji.se.s a sense of fatigue in the 
arm is sooli felt, and there is a con.s(.*iousness that 
work has Imn dmie. If wo substitute for human 
effort the falling of a weight, similar effects can be 
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produced ; but just asiatigue puts an end to the work 
done by the arm, so the fall from a higher to a lower 
level corresponds to work performed. which cannot be 
repeated with the same mass until it is lifted up to its 
original height. The power of doing •work, called in 
physical science energy, is capable of measurement, 
and may take many different forms. For example, 
the arm whose muscular strength may be used to 
heat a mass of metal by hammering or by rubbing, 
may be otherwise employed to turn the handle of a 
machine by which a coil of co[)pcr wire is made to 
rotate in the field of a magnet, and thus an electric 
current may ho produced in the wire. The current 
flows so long as the work is being done, and it 
ceases immediately upon the cessation of the motion. 
Further, it is a familiar fact that when a current 
of electricity flows through an imperfect conductor 
electricity disappears, and the conductor becomes 
heated. An example of this is .seen in the com- 
mon incandescent electric lam}), in which a thread 
of carbon or of metal is heated till it gives out a 
brilliant light. 

Observations of such a kind must, however, ho 
sup[)lemcnte(l by moasuroments of the amount of 
heat or of electricity produced when ,11 given amount 
of work is done. The problem is to find a* suitable 
unit of work, and this is provided by gravitation. 
The question is, first, what amount of work must be 
done in order to produce heat enough to raise the 
temperature of unit mass of water one degree ? and 



M 


MATTER AND ENERGY 66 

secondly, supposing tho water Allowed to cool down 
again, and tho heat whicji passes from it made to 
do work, how much work will he done ? Answers to 
llicse questions ure supplied by tho investigations 
inadc1:)y Joule^ and published in hStli and following 
years, 'fhe results which arc considoro<l most trust- 
worthy wore obtained by the following process. The 
work (lone w-is the dc.sccnt of a mass of lead from a 
certain measured lu'ight to a lower level, and tho 
heat corresponding to this was gem'rated by causing 
this weight in its descent to move a paddle working 
in a vos.sel containing a measured (juantity of water, 
and j)rovidcd with fixed projections within, .so as to 
prevent the water from being whirled bodily round. 
The friction thus cause<l ga\e rise to heat, and so 
the teinperaturt! of the water was raised through a 
certain number of degrees which could be dcM.'rmined 
by delicate thermfuneters immersed in the water. 
By this means it was found, jis the mean result of a 
number of successive concordant experiments, that 
the descent of a weight of 424 grams through a dis- 
tance of 1 metre, or 1 gram falling 424 metres, gene- 
rates heat enough to raise the temperature of 1 gram 
of water 1^ C. The ssime facts may l)o expressed 
in English wcigly^s and measures, by saying that the 
fall of 776 lbs. through 1 foot, or of I lb. through 
772 feet, gives a rise of 1" Fahr. in 1 lb, of water. 
The numl)ei^, 424 gram-metres or 772 foot-pounds, 
according to the system chosen, represent tho 
vuchinical fquivaknt of heat, and arc often spoken 

0 
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of as Joule s equivalAit, and represented for mathe- 
matical purposes by the letter J.^ 

Other methods have been used, bi)th by Joule and 
others since his time, such for example as the 
measurement of the heat generated •by the friction 
of two metallic surfaces upon each other under deter- 
mined conditions, and with approximately the siime 
result. 

Bearing in mind, then, that a definite quantitative 
relation is now established between mechanical work 
performed and heat generated when the work is all 
expended in fricti(»n, and that the same relation can 
be traced whether the work is transformed directly 
into heat, or is first mnde to generate an electric 
current, wbi(’h is afterwards converted into heat, it is 
obvious that heat is not a .substan<‘e but a mechanical 
efVee.t, and, as now universally lu'lieved, the effect of 
vil>ratory or other motion in the particles of the 
heated body. Wo may now return to the question 
involved in the phenomena of cliemical (U)mhination 
and decomposition. 

* The value nf the mechanical equivalent piven in the text applies 
to the short lango of ti'inpeiulure, which was, of course, near to 
comimm air tonipcraliircs, I'mployi'U in the experiments. The 
Hpecitio heat of water increases a.s the temperature is raised, and 
the value for hinhet tcmpc>rature.s would therefore be greater. Pro- 
fessor Osborne Reynolds has made an elaborate series of exjveri- 
ments, in which the work done in raising the temperature of water 
from freezing to boding point has been determined. The mean 
value deduced from these e.xperimonts for this ratige of tempera- 
ture is about 777, and this corresponds to a value slightly higher c 
tlian Joule’s, namely, 773-7 for T Fabr.at 60“ Fahr.—PkU. Traru., 
1897, A. 

c 
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ENERGY OF El^lMENTS 

It is clear, from what htvs alrlatly been said, that an 
element usually differs frojn a compound not only in 
eonUiining only one form of matter, but in having a 
jx)wer of'^loing work ; that is, a store of energy which 
is more or less'dissipatod and lost when llio clement 
enters into a state of chemical conihination.* The 
process of separating an clement or other substance 
from a compound in which it is la id hs chemiai] 
affinity is compuraldo with the operation of raising a 
weight In each c.'use work has to ho expended from 
some soun o — human, animal, or ine<‘hanical power, 
the falling of watia', the ])rcssuro of the wind, the 
I’iNing of the tide, the heat of the sun. or the chemi- 
(‘al process involved in the hurning of c(»al. Hence, 
to revert to the case of wjitcr, whioh is formed 
when hydrogen and oxygen unite together, it must, 
now he obvious that, to s<‘parale the united hy- 
drogen and oxygen, work must he ilonc eipiivalent 
at least to the heat generateil in the, act of combi- 
nation. 

An element, then, is matter combined with poten- 
tial energy.^ This energy by appropriate moans 

* This is, of course, not true m those, not raic, hut much less 
frequent cases in which " endothermic ” cuiiiimiuikIh, such as carhon 
bisulphide, arc forqjed, the production of which is attended hy 
absorption heat, and their docomposition therefore by evolution 
of heat. 

• Lavoisier in hi.s famous Traiii clhntnUnrc dc Ckimic (1789) 
represented ox \' gen gas as made up of the matter of oxygen com- 
bined with caloric, the hypothetical cause of beat. This view of 
the function of "caloric’' is very similar to the modern doctrine 
of energy, but was awaiting quantitative expression. 
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may be allowed to nil down, either all at once or by 
stages, as for example in, the case of sulphur, the 
burning of which in oxygen may, be arranged to 
produce sulphur dioxide, SO.^, or sulphur* trioxide, 
SO3. An element which has been sopfirated from 
chemical combination with other elements may, 
hoAvever, in some cases bo compelled to take up an 
additional store of energy. This change may often 
bo accomplished by the apphajation of heat. The 
product is spoken of as an “allotropic” modifiea- 
tion, or simply as an allotrope of the element. If 
sulphur, Cor cxam[)lo, is melted, and the resulting 
licpiid rai.sed only a few degree.s above the melting 
jjoint of common sulphur, a new substance is formed 
which crystallises in rhombic prisms, having a dif- 
fiircait form and a diUcrcnt density from coimnon 
sul[)bur, the (aystals of which arc rbomlm; octa- 
hedrons. Or by beating the licjuclied sulphur still 
further, it may be obtained in the form of a plastic 
mass wholly devoid of crysUlline structure. But 
both those moditications revert in time to the 
common kind, and the change is attended by evolu- 
tion of heat. Similarly, red phosphorus may bo got 
from common white phosphorus by heat, ozone from 
oxygon by electricity, graphite or tl]p diamond from 
common charcoal, by dis.solving it at a higlr tempera- 
ture in melted iron, and allowing it to crystallise 
under pressure when cooling. In all these cases the 
same matter is concerned, but different amounts of 
energy are bound up with it, and different amounts 
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of heat arc therefore geiicrate<l when equal quan- 
tities of the various allort’opcs of any one element 
enter into chemical combination. Thus, 1 gram of 
each «f tlie three chief varieties of carbon burnt com- 
pletely in oxygen give the following amounts of heat 
expressed in ordinary units: 


Dianiond 

(Jntpliitc (natunil) 
(Jnipliito (from iron) . 
\\'<iO(l-c'l»arco:il . 


7770 

7797 

7702 

Soho 


The })ossil)ility of (he conversion of one element 
into another, as, for example, (bo transmutation of 
silver into gold, is a ({ue.stion which oven in these 
days, so remote from alclnanieal times, has not been 
entirely set aside. Hut although (he idea that the 
elements may have had a common origin, or may 
eonuin eomn\on constituents, may be admitted as 
worthy of diseus.sion, evidence of a direct kind for 
either of these propositions is absolutely wanting. 
Stich considerations as have been brought into the 
di.scu.ssion have been (badved chi<fly from a com- 
parison of the atomic weights, or from changes 
supp}.se<l to have been observed among the “radio- 
active” elements, which will form the subject of 
later chapters.^ 

The combination of hydrogen with oxygon i.s 
attended, as already .stated, by the formation of a 
definite amount of water and the evolution of a 
definite amount of heat. The determination of the 
qiiantity of heat thus disengaged has occupied at 
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different periods niaiy of the most distinguished 
ehemists, from the time of Ijivoisicr onwards, Tho 
experiments of Tjiivoisior were made with the ice 
calorimeter, and subsequent determ illations, *in ydiich 
tho heat of union was communicated to water, were 
made by Dulong, by Favro and Silliermann, and by 
Andrews. 'Hie examination of other cases of com- 
bination liave led to the cstablisliment of the impor- 
tant ^'cnoral principle, that every chemical change, 
whether of (lombination or decomposition, is accom- 
panied by tho evolution of a detinite amount of heat, 
which is tho same as saying that a delinite amount 
of energy, previously existent in tho bodies concerned, 
becomes dissipated. This is the first principle of 
that department of science which is called “ thermo- 
chemistry.” 

One of the first serious workers in this field was 
Professor Thomas Andrews of Pelfast, and though 
later experimenters have improved upon his methods 
and results, his name deserves to be remembered as 
a pioneer in this difficult department of experimental 
inquiry. One of the most important series of experi- 
ments carried out by Andrews relates to the heat 
developed during tho combination of acids and bases 
in aqueous solution.^ From these ‘''xperiments ho 
drew tho conclusion that tho heat developed tluring 
the union of acids and bases is determined by the 
base and not by the acid. In this he was mistaken, 

* Tran$. A Insh Academy, 1841 ; reprinted in the volume of his 
colleoietl tScient{Hc Papers. 
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for it appears that the heat prc^duced by the neutrali- 
sation of an acid by a baso is an ettbct to wliich both 
contribute, tho\igh in proportions wliich depeml upon 
their ^chdniical nature, as will bcex})lained later (Chap. 
VIII). One of his general laws,^ which states that 
“an o([nivalent of the same base combined with dif- 
ferent acids produces neurbj tin* same tjuantily of 
he^it,” has been conlirmed by later vc,searches, and has 
been explained by a hypothesis, of width an account 
will be given in a later chapter. Andrews also made 
determinations of the heat prodmx'd in other (hemi- 
cal (hanges, including the amount of lieat disengaged 
during the cftmbination of various sub.stances with 
oxygen and with chlorine. 

About the same time thermo-chemical researches 
of considerable importance were being carried on by 
the Russian chemist Hermann Hess. As the result 
of his experiments on the neutralisation of acids 
diluted with ditferent proportions of water, howjis led 
to the enunciation of the principhj that the sum of 
the several amounts of heat evolved during the suc- 
cessive stages of a proce.s.s are the same in whatever 
order they follow one another; in other words, the 
effect is deperulent on the relation of the final to the 
initial state of# the system, and not upon the inter- 
mediate* stagas. On neutralising an aqueous .solution 
of ammonia with sulphuric acid containing one, two, 
three, and six proprjrtions of water there is a different 


‘ BritUh A$tocvttt(rt\ Re/iort for 1849, p 
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development of heat each case ; but by adding to 
the results found by experiment in the last three 
cases the quantity of heat evolved when the mono- 
hydrated acid eomhines with one, two, and 'livp pro- 
portions of water, nearly the same value is obtained 
in each ease. Antlrews thought this principle correct 
but self-evident. It is. however, of such importance 
that its exp(irimental veriHijation was very (h'sirable. 
Jly the apj)li(!ation of this principle it is possible to 
calculate thermal changes which arc not capable of 
direct experimental determination. The heat evolved 
by the formation of carbon monoxide, for example, 
cannot be a.scertained by burning carbon in oxygen ; 
but by observing the heat evolved in the production 
of carbon dioxide, and then (b'tcrmining the heat 
produced by the combustion of carbon monoxide 
itself, tlie ditfcrence between the two ad’ords the 
number recpiired. One part by weight of carbon 
burnt to <'arbon dioxide gas gives 771)7 units of heat, 
but parts of carbon monoxide gas, which con- 
tains the same (piantity of earl>on, gives 5(507 units. 
Now, if the amount of heal- given out when the first 
atom of oxygen unites with the carbon were the same 
as that produced by the .second atom, the total amount 
of heat evolved when carbon burns into carbon 
dioxide would be 5007 x2, or 11,214 units. Hut the 
actual amount observed is only 7797 units; the union 

I 

of the first atom of oxygen forming carbon monoxide 
is attended by the evolution of 2190 units; the 
difference, 3417, therefore must represent the he^t 
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rendered latent when solid carbon is converted into 
the gaseous oxide. • 

Nearly all chemical changes are jissociated in a 
similiir way with physical changes, and hence in the 
great majority of cases I ho int('rpr<^tat ion of the 
results is (aicuml)ored with serious difHcultios. This 
is the case oven when all the products remain in the 
same stak', gast'ous, or liquid, or solid, jls the materials 
employed, for there is usually a separation a,s well as 
a cond)ination of atoms oven in cases which appear 
most simple. The union of hydrogen with oxygen, 
for example, is not merely 

hut 

Iroiii which it appears that the oxygen molecule is 
divided in this process into two parts. 

Since the days of Favre an<l Silhermann, of 
Andrews and of llc.ss, the problems presented hy 
the thfTinal changes which accompany chemical 
changes have been .studied in great detail hy Pro- 
fc.s,sor Julius Thomsen in t’openhagen, iind later hy 
Professor Berthelot in Pari.s. 

Thomsen’s tir.st memoir appeared in and 

from that dat^ down to the time when, more than 
thirty years later, he completed his great work in 
four volumes, Thermoch^mische VnkrmichuiKjen, the 
author pursued without interruption the .systematic in- 
vestigation of which he had laid down the plan so long 
ago. In this work the phenomena of neutral i.sation 
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are first investigated, Ihe succeeding volumes being 
devoted to the determination of the heats of forma- 
tion of the more important oxides, cWorides, hydrides 
of the non-metals, and then of the metals, thh epnsti- 
tution of aqueous solutions, the heats of combustion 
of organic compounds, and the thermal phenomena 
attending isomeric cliangii ; in fact, a body of data 
is provided which relates to all kinds of chemical 
changes, and is available for the use of theory in 
every department of the subject. 

Herthelot tells us in the j)refa(;e to his hook 
that it was in 1804 he began to stn<ly thornio- 
chemistry. In 1871) he brought out his treatise 
entitled Vissai de Mevhaii uiue Vh im 'iqnc fond^f, sur 
la TlaTinochimic. This work embodies the chief 
results of all his researches on the sulqeet which 
had been from time to time communicated to the 
Annalcf^ dc Chimir. ft df Phynaiuf, where they 
occupy more than two thousand pages. The author 
sets forth in his introduction the three proposi- 
tions which he regards jis fundamental. The first 
of these states that the heat disengaged in any 
reaction is a incjisure of the chemical and physical 
work accomplished in that reaction. The second 
affirms the dependence of the therrm\J changB upon 
the relation of the final to the initial statft of the 
system; it is in fact the principle esUiblished by 
Hess, as alre^idy explained. The third proposition 
was introduced by Bertholot himself, under the title 
of the “ Principle of Maximum Work.” This it wjll 
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be well to state as nearly as possible in the words of 
the author himself, inasrtuich jus it hjus been the 
subject of very Severe criticism. 

“Eyery chemical cluingo accomplished without 
tlio aid of external encr^^y tends towjirds the })ro- 
duction of tluit body or system of bodies which j^dves 
out the greatest Jimount of heat. ’ As ji corollary 
from this, he Jidds tluit “every chemicjd reaction 
wliich ran l)o Jiccomplishcd without the assistance 
of prelimiriiiry work, or of energy externjd to the 
system of Ijodies concerned, proceeds necessarily if it 
is jittended by evolution of heat.”' 

Here is ji doctrine Jit first sight attnmtivc in no 
ordinary degree, jind which, if estjd>lished, would 
appcjir to account for much Unit would be otherwise 
obscure. But unfortunately it is expressjal in terms 
which Jirc far too genenil, Jind is manifestly in oppo- 
sition to well-recogni.scd facts. In the first place, 
“endothermic” compounds Jire sometimes formed 
spoil tiincously, an<l in most ca-ses of combination 
which is attended by evolution of heat the process 
is retarded and ultimately .stopped, imle.ss the heat 
generated by the union of the first portions of sub- 
stance is conducted away out of the .system. Am- 

’ “ Tout changeftent ebimique accompli sanh I'int^rvent ion crunc 
tsiergic vtrang^r^^ tend ver.s la production du corps ou du syslcme 
de corps qui dt^gage le plus de cbalcur.” And as a corollary from 
this, ‘*toutc i 'action chiraique susceptible d’etre accnmplie sans le 
coucours d’un travail prdliniinairc et en dehors de I'infervention 
d'one dnergie etrang^re k celle dcs corps presents dans le sysUmei 
8« produit ndccssairement, si elle ddgage dc la chaleur.’’ — £t$ai, 
vat i., Introduction, xxix. 
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monia and hydrogen chloride, for example, unite at 
common temperatures to «form solid sal-ammoniac, 
and in this process heat is evolved. The consequence 
is that until the whole is allowed to cool Below the 
temperature at which it is known that .sal-ammoniac 
is resolved into these two gases, a portion of the 
materials remain separate, notwithstanding that their 
union would he attended hy evolution of heat. The 
same kind of thing is true of all reversible reactions, 
that is, all chemical comhinalions which are pre- 
vented hy rise of temperature and promoted hy fall 
of temperaluro. 

Nevertheless Rcrthelot’s principle, if applied with 
duo limitation, does seem to accord with a nuniher 
of familiar facts. The di.sphnjeinent, for example, of 
iodine hy hrornine, and of hromine hy chlorine, in the 
comhinations of these elements with hydrogen and 
the metals, and their apparent order of affinity in such 
compounds, is in accordance with the thermal rela- 
tions ot those elements, as shown by the following 
statement ot the heat produ(*ed by the combination of 
hydrogen with ecpnvalent (piantities of each of them : 

ForimiIii-w*>ijjhLs in prunfl. Calorios. 

H + Cl 4- 4H.jO <jivo 39320 

H + Br + 4H.j() „ ^ 28380 

H + I - 1 - 4 H 2 O „ 13170 

Similar relations maybe noticed among J^he metals. 
In such a series i\s iron, copper, silver, mercury, for 
example, whore the apparent affinities for chlorine or 
oxygen are manifested in the order in which they 
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are written, on the one hand by the displacement by 
each one of those wliich iJollow it in the list, and on 
the other by the heat of formation of their salts, 
which stfinds in the same succession. 

The chief object of (piantilalive tbormo-(;liemical 
investigation is, according to Julius Thomsen,' the 
establishment of dynamical laws relating to chemical 
pro<‘esses; but how little [)rogrcss tou.inls this objed, 
has been at present accomplished is manifest from 
the brief sketch which nlonc it is possible to give 
in these pages. Nothwithstanding the labours of half 
a cetitury, thermo-chemistry remains for the most 
part a mass of experimental results, whicJi still await 
interpretation. For, apart from the assistance which 
such results afford towards the establishment of the 
doctrine of the conservation of energy, it is plain that 
successive attempts at generalisation have been unsuc- 
cessful when considered in a strictly s( ientifi<; sense. 

One direction, indeed, in wliich the relation of 
heat to chemical allinity has been studied with 
much advantage, is in the examination of those 
reversible chemical changes which are commoidy 
brought about by change of temperature. The term 
dmoriutlon'^ wiHi introduced by Sainte-( 'lairo Dcville, 
in 1857, to designate decompositions of this kind, 
and, though it was but .slowly acccjited by the 
chemical world, it has now become (irmly embedded 
in the language of science. 

‘ Therm. I'nlenuchungrn, vol. i. 3. 

* “ De la dissocial ion nu d»5coitJ|K)i»iti(»n 8[M)ntaiu;e des corj^m ious 
I'iliflucnce de la cbaleur.”— Rend., 45, H57. 
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So long ago as 1846 it was discovered by Grove ^ 
that water is decomposed into a mixture of oxygen 
and hydrogen by contact with iptcnsely heated 
platinum. The experiment was afterwards ^repeated 
by Ueville, who found that decomposition begins at 
a temperature of 1)60° to 1000°, but that it proceeds 
to only a limited extent. If, however, any means 
be Oiken to separate the resulting gases from each 
other, the decomposition imiy be carried much fur- 
ther. llegnault found, for example, that steam passed 
over melted silver is decomposed more freely, ap- 
parently because the oxygen is absorbed by the 
melted silver, which gives it off again on solidifying. 
Ihese effects art; not tine to any chemital action 
on the part of the metal, hut are the ri‘sult of the 
high teni})eratur(; to width the vapour is exposed. 
Hydrogen anti oxygen combine together completely 
at lower temperaturt's. Ke.sults so remarkable as 
these ditl not attract the attention they tlescrved 
till some years later, when the systematic study of 
vapour-densities letl to the discovery that a large 
number of familiar ct)mpound.s, ct)mmonly reputed 
sUble, are tlccttmposible at various temperatures in 
a similar manner. In each <’a.se the products of 
dissociation reunite on cooling, producing the original 
compound. Sulphuric acid, for example, converted 
into vapour is no longer sulphuric acid, but a mix- 
ture of vapours of water and sulphur trioxide, which 
on cooling reunite. By conducting the operation in 
‘ Phil. Trant. Bftkerwn Lecture for 1846- 
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a flask with a long neck through which air may be 
made to pass, the water .vapour, being the lighter 
of the two, dif^iscs away more rapidly, leaving a 
preponderant quantity of sulphur trioxido behind, 
which* if the process is continued long enough, 
crystallises from the residue when allowed to coold 
In a similar maimer it has hem shown that sal- 
ammoniac when vaporiseil yields a mixture of am- 
monia and hydrogen chloride; that phosphoric 
chloride is split up into phosphorous chloride and 
chlorine ; that ammonium (jarhonatc is resolved into 
ammonia, water, and carbon dioxide. In all these and 
many other eases the dissociation proceeds gradually 
as the temperature is rais<*d, till it becomes complete 
at a tcm])crature which is peculiar to each case; it 
is promoU-d by rcdu<'ti<m of pn'ssure, an<I diminished 
by increase of pressure, or what is pra<’tically the 
sjime thing, by healing in an alinosphcr<i e()nsisting 
of one of the products of dis.sociation. 

Previously to the discovery of these facts, much 
fierplexlty had l»een caused hy the ohservation that 
the vapour-density of substances such as sulphuric 
acid and ammonium chloride was only about one- 
half of what was exjwcied. This was certairdy one 
reason for the Urdy adoption of Avogadro’s jirinciple 
in settliiig molecular weights, (See (Jhap. 111.) 

A history of the progress of tinTino-clnanistry, 
though pnftessedly brief, would he in .some danger 
of conveying an erroneous impression if a pa.s.sing 
' Wanklyn and Robinson. Proc Roy. Soc., 12, 507 (iSOS), 
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reference were not made to the nature of the work 
undertaken by other ch(imists and physicists who 
have occupied themselves with the subject. Among 
the rest, wo owe to Marignac the determination of 
the specific heats of a number of saline solutions, 
and the thermal phenomena which ensue on diluting 
them (IH70 7()); to A. llorstniann a careful study 
of llio progress of dissociation of a number of com- 
pounds, such as hydrogen iodide, ammonium chloride, 
ammonium carbonate (1808-78), to Alexander Nau- 
mann one of the earliest and most instructive syste- 
matic treatises on thermo-chemistry {(Irundriw der 
Theritioc/icmir, 180})); and lastly to Ih’ofessor J. 
Willard (libbs, the application of the ])rinciples of 
therm()-dynami<s to many thermo-chcmical pro- 
blems. His name is [U'incipally associated, in con- 
nection with <*hemistry, with the introduction of 
the " Idiasc Hide,” of which an account is given in 
most modern text-books. 


lUOGHArHK’AL NOTES 

Thomas Andrews w'us born at Belfast, 19th Doc. 1813. 
After early eclncation in Belfast, he went to (Jla-s^'ow, to study 
clieinistry under Thomas Thomson. Ho continued his studies 
in Trinity Collej{o, Dublin, and after somb time in Dumas’ 
laboratory in I’aris. Ho graduateii M.D.at Edinburgh in 1836. 
lloturning to Belfast, he at first practised medicine. In 1845 
the Queen’s Colleges wore founded, and Andrews Was appointed 
Vice-President and Professor of Chemistry in the Boliost 
College. Those ottices ho held till 1879, when he retired. He 
died on the 5th Nov. 1885. 
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In addition to the thermo-chemical work mentioned in the 
text, and hi» discovery of the continuity of the gaseoiis and 
liquid states of matter (Chap. iX), Andrews conducted, jointly 
with Professor Tait.of Edinlmri^^h, a research on ozone, in which 
they proved that ozone is an allotropic ami condensed form of 
oxy^fau ^1‘hil. Traw., 1S(U)). 

[Obituary, I'roc. Roy. .SV., U, II (1887) Memoir intro- 
ductory to volume of /'upos-, ctillocted by Professors 

Tail and (’turn Brown. (Macmillan, 1889.)] 

PiKKKK Km.KSK Maui’KI.hn r.KinicKLor was the son of a 
physician, and was bom in Paiis, ‘2oth 0<-t. 1827. After 
passiiij' biilliantly through a cl.issical si'luMtl ciireer, ho studied 
choimstiy in the laboratoiy of iVlouzc, and passed the univer- 
sity examinations fm H. and E < s Sciences. In IHril he 
beoanio lecture a.nsistant to B.danl, the discoverer of bromine, 
Professor in the ''olh ^,'o de Fiance. Heitbelots tliesis on the 
synthesis of animal fats procured for him liis diK'toiate. Soon 
afterwards lie be;,'an Ins systematic work on the synthesis of 
organic compounds, h'or sonuf }«‘ais he held the professor- 
ship of cliemistiy at tlie Kcole Sup. nmie de Pliarmacie, 
but in lS6f) he was *alh«l to .i special chaii of organic 
chemistry in the (’oll.ee du Krance, wlmdi he occupie.l till his 
death. 

Hcrtiielot, in conjunetion with I'-an de St (idles, was one 
of the fust t.t study the inteiaction of alcoh.ds with acids, 
and show’ed the ostablishment of a condition of u([Uilibi luiii. 
Berthelot iK’oan le.searchea in thernio-chemistiy in I8(>1, and 
the results aie ombo.lied in hi.s Mirunujiii ^ Vo lan/m, published 
111 1879. 

He published a few year.s later his woik «»n the explosion 
wave in jiases In his te.seaiehc.s on synthesis ho made fiu- 
quent u.se of the silent electiic dischaij'e, and in later yisars 
w'us able to show the inlliieiice of electricity on ve;;otation. 
lie was the first to point out that atmospheric nitro;;en is 
fixed in the soil by bacteria 

Ho died in I’aris, iHth March 1907, and is buried in the 
Pantheon. 

[“ Berthelot Memorial Ix-cture/’ H. B. Dixon. Jouru. f^hem. 
.Soc f«>, 23.')3(191I) I 

4 > 
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Etienne Henri Sainte-Claire Deville was born 11th 
March 1818 at the island of St. Thomas, W.T. Educated in 
Paris, he graduated as D. os Sciences and M.D. His first 
appointment took liim to the Faculty c4 Besanyon in 1846, 
Hero ho discovered nitric anhydride, N/X,. In 1851 he was 
recalled to Paris as Professor in the I^lcole Nor male, aiM began 
researches on the platinum metals and on the production of 
aluminium on tlu‘ large scale by \Vohh‘r’a process. His most 
important work was devoted to the study of vapour densities, 
and resulted in the discovery and explanation of the pheno- 
mena of dissociation. 

He died I at July IHHl. 

[Poggoinlorir’s JlaiKlivorlrrliiirh^ vols, ii. and lii. Iliography 
liy 11. Dehray. Rrviit-, Scieiitijique dr, h France ct dr rFlriiinjer, 
3rd aer.,:i, 1 {1HH2).I 

Pii:uKi': Louis Dui.ono, born at Rouen, 12th Feb. 1785. 
Died at Paris, llRli July 1838. Successively Professor of 
(Jiemislry at the Faculty of Sciences, at the Normal School, 
and the N’etennary (Jollego at Alfort, then Professor of 
Physics at the Pedy technic School, Paris. 

LPoggendortr’s IlnndworterhiK hJ\ 

PiKiuii!; Antoine F.wuk, born 20th Fob. 1813. Piofossorat 
the Kcolo lie Mt'decine, and (Jief des Travaux do Chimio aiialy 
tiijno a I’Kcolo (hmtiale, P.iris. In 1851 transfeired to the 
Cliair of Chemistry in the K.iculty of Sciences, Marseilles. 

Died at Marseilles, 17th Feb. ISHO. 

[Poggendoiirs lIn>iiin'oittrhn<h.\ 

Jo.siAH WiM.AiM) (liims was born at New Haven, Conn., 
11th Feb. 1831), and died 2Sth April 1903. After graduating 
and spending a few years in New Haven, he came to Europe, 
and continued Ins studies in physics and mathematics in Paris, 
Berlin, and Heidelberg, letuining to America in 1869. In 
July 1871 ho was elected Profes.sor of Mathematical Physics in 
Vale. 

[Obituary notice, rrocecdimjs of the Royal Soemty, 1904.] 

William Robert Grove, born 1811, Barrister, and after- 
wards (1871) Judge of Court of Common Pleas ; knighted 
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1871 ; Privy Councilior, 1887. Ho waa for sonio timo after 
1847 Profesaor of Experimental Philosophy at the London 
Institution. Ho invented the^Jrove nitric acid battery and 
the gad battery in and published ('orieUition of 

h'oTfM in IWfj. Ho died IHUfJ. 

[/hV<Am(/ri/ tf Nufiotiai Hioitraplui.] 

(iKKMAiN Hkaiiy (Hkkmann) Hk.s>, latrii at (Jeneva, 7th 
Aug Ho was t.ikon by liia paroiitN in oaily cluldluiod 

tn Russia. Aftt-r tiavolling in Siboria, In- bocanio Professor 
tif Chemistry in tho I’nivorsity of St. I’otorsburg. Died 
.'{Oth Nov IBoiK 

( PoggondorlV’s Humlvoitnlouk | 

Ai (.1 O' rHii i>iti< II llou^iM \N\, Hon Pioftissor of Thoo- 
rotieal Choniistiy in tin* I'niveiMty of Heidelberg. 

.I\Mi-s Pni-s(ttir .loi I K, Ixun at Salfonl, 2Jtli l)i,*c 1818. 
He studied jdiysH'.il seieneo under Halton .it Maiiehestor. 
Ho silocuoded Ills fatia r as a brewer, but aftoi niisbu tunes in 
business, ri'i'i i\e<l, in b'sTH, a Civil List jauiaion Ho diud at 
Sale, 11th Oet lvst> 

(•ibitiiary, ./-ani. iluoi. Sue., TiT, IPJ (18D!») ) 

./ban Chaui.kk fi’\n.v.sM:n m-; .MAHiuNAr was liorn at 
( iene\ a, ‘Jlth \piil lHl7 Hostudiediii Pal i.s, and after a year’s 
travel in the noith of Kuro|H.*, onteretl Liebig'o lalMuatory at 
tliessen Hero ho woiked on n.iphth.dene ami phthalic acid, 
ins first and lost es.say in organic chenustiy. He lioeanio Pro- 
fo.ssor of Chemistry in tho Academy at Hene\a, and sulme- 
<luentlyaIso Professor of Minerahtgy Tho Ai adeniy developed 
into tho Cnivorsity, ami Maiign.ie c>anie into occupation of 
a tine lilsiralory In 1878 the condition of his health obliged 
him to letire, and he 08 tablishe«l for Inmsolf a laboiatory in 
his own house Hti died on Ifith April 181)4. 

Marignac deterniinod with great accuracy tho atomic weights 
of a largo iiiiiiiIht of eleinonts. Ho duvotml many years to 
tho invest igat .on of the earths of the cento group, and dis- 
covered yttorbia. About 1870 Marignac proved tho isomor- 
phism of the fluoxynioliatcs with the fluo-salts of tin and 
tu^sten, and established the fonnulse of iiiobic (columbic) and 
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taritalic pentoxidos. He also settled the formulae of silica 
and zirconia as dioxides, and discovered silico-tungstic and 
otlier complex acids. His woilc on the specific heats of solu- 
tions is referred to in the text. 

[“Marignac Memorial Lecture,” P. T. Clove, Jqurn. Chnii. 
N«c., 07, 468 (1895).] . 

Ai.kxandkii Nicolais Fuanz Nacmann. Since 1882 Pro- 
fessor of Chemistry in the University of Tubingen. 

Isa \c Nkwton, born at Woolsthorpi*, 10 PJ, died at Kensing- 
ton, and was buried 2Hth March 1727 in Westminster Abbey. 

'Fhe famous mathematician and natural philosopher, Lucasian 
Professor at (Umbiidge, President of the Royal Society. 
Knighted by Queen Anne, 1705. 

[Didiomirii of Natiimal Ihot/rujthij.] 

Hknui Vkjtoh Rkonailt was born at Aix-la-Chapello 
(Aachen), Jidy 21, IHIO, Owing to the loss of his [laients, he 
was not able to commence his education till at the ago of 
twenty he entcreil the Mcole Polytechniijue. 

few' years latei he became joint-Professor of Assaying at 
Lyons, Ills most im[)oitant chemical researches related to the 
halogen .substitution deiivatives of ethylene and other relatives 
of the ethyl group, of which ho di.scovered many, including 
carbon totiachlonde and pen'hloi inated ether, (’,C1|,|(). In 
1840 ho returned to Pans, and in 1841 was electeil to the 
Chair of Physics at the College de France. 

Henceforth ho devoted liimsclf to physics. lie made a largo 
number of accurato dotiuininations of specific heat by the 
motluxl of mixture ; ho invented the air thermometer, and 
carried out a long series of expoiimonts on the density and 
expansion of mercury, and on the specific heat and vapour 
tension of water at various teiiiperatuies. He also redetor- 
minod the coelHciont of expansion of air and other gases, 
and corrected tho somewhat crude results obtained in the 
earlier experiments of Dalton and Clay-Lussac. 

In 1854 ho became director of the jHircelain w trks at Sevres, 
and devoted much time to the impruvoniont of ceramic pro- 
C08808. Ho died 19th Jan. 1878. 

[Obituary, T. H. Norton. Naturt, Jan. 31, 1878.] 
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Hknjauin Thomi><»n, rouut Ki mi-ohi), bom 'Jbth March 
IT").'}, at Hiimfonl (now in New lliimpshire, Uiiitod 

States of America. Ho iH^f^an life as a sclioolmaster at liradforil 
(Muss.). Tho ^Var <tf li»doi»ondi‘Uco brcakiiif' oiit, lie wa.s made u 
Major of Mditia, hut o\viu{;, ai>parentl} . to jealousy on thu ptirt 
of liis hrothor tdliccrs, he wasilnvuii to joui tlu* royalist trcx)p8, 
and caiiio to England in I77*>. Hero liu roiidmod huu.H'lf use- 
ful to the Minihtiy, and rocoived a lonmiission as Eioutiniant- 
(’oloiu'l foi .si‘i \ He in Ainorica. Ivetuiniiu again to England, 
ho leeenod pornnssion to tra\el on (he r<»nlinont. In 1785 
ho ontoreil the sorviee of tho Electoi of Ihivaria, and for his 
public .soiMces reemvod tho title of Count. In 171M» ho ro- 
turued to England, and ^•ngaged in the foundation of tho 
Royal ln‘'titiition m London, the purpose of which was to 
oucour.igo the applic.ition of science to all kinds of usoful 
(niiposes. He was instrumental in engaging Thomas Young 
and Hnrnplir} h.i\ y as the In st piofossoi s Riimfold wasllio 
first to pio\e the .|U intilati\<‘ lelation he(w«-en heat and 
meclianie.d w oi k 

Roturiiing to the Contiiieiit, he mairn-d, m Madamo 

Eaioisior, widow of the cheiiust, and pureha.sed a Ikuiho at 
.Antenil, wlieio he died gist ,\ngns( 1. 

( \l>'viini published in foiineetioii with an edition of lim woi ks, 
by tho Amei lean Aeadeni\ of Aits and Siieiiees, about 187U 
iiy (J. E. Elhs ] 

Johann Thkouai.o Sm.hkhmann, bom Ist Doe. IKtX}. 
Einployeil at tlio Conscrv.itoiro des Aits et MiLicis, Paris, 
and at tho Sorbonno. AsstK'iatod with Eavro in thormo- 
chomical rosearchos. Died in Pari.s, July 1^155. 

[Poggemloi If .s Ihiniluuitiibwh.] 

Hans Pktkk Juhokn .Iilh.s TMo.MriKN was Istrn in Copen- 
hagen, Kith Feb. While a very young man, Thomson 

|)atentod a process for obtaining alumina and soda from 
cryolite, and this de\ eloped into a mannfacturo of consider- 
able importance in Dennuirk and some other countries. But 
Thomsen will be remembered chiefly for his important thermo- 
chemical work, of which the results are embodied in his 
Th^mwchanuche Untersuchunyen. In 1865 ho became u teacher, 
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and a yoar later Professor of Chemistry in the University of 
Copenhagen. He retired in JUOl, and died on 13th Feb. 
1908. 

[" Thomsen Memorial Lecture,” 3’. E. 'rtiorpo, Journ. Cliem. 
8W., 97, 101 (1910).] 
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CHAFTKH !l 

TllK (IIKMK'M. KhKMKNTS: TIIEIK ItlSTUIliUTION IN 
NATI'IU:, \M> KKlVMlN’ITlON l:\ rilE <’11KMIST 

Thk word “ i‘l(!iiu‘iil.” :i|)art Tnnu })o(‘ti«iil nsa^^e, is 
now universally understood to mean a suhstanec 
tlinu^di it may pass llirou^^di many trans- 
Idrmatious, always re<’(tv»'ralile undiminislu'd in 
ijuantilN from anv ('homi<'al (oiuliination inl<» which 
it may ontrr, ami is not hy any known means re- 
s(;l\ahle into two or moro, di^tiiKl kinds of matlor.‘ 
Sul[)luir, for cxampli*, is r^•^^•u•ded as an ehunent, 
notwithstanding^ tlie allotropie changes which it 
iindergoiis under thi^ influence of li(‘at, hccaiise from 
sulpliur in any of its known forms nothing (;an ho 
abstracted whi<li is m)t sulpliur, in other words, it 
is liomogeneous, and consists in its most minute 
parts of one kind of substance. On I lie other hand, 
water and iron rust are regardeij iis compounds be- 
cause in proportion as, by suitabh* means, either of 
them is dcstrd^’ed two kinds of new matter make 
their appearance, and the united weights of the 
products of “ decomposition ” arc equal to the weight 

‘ Thi« d*‘finition, though valid for all the ordinary clementH. re- 
quires ioine modification in the casen of the radio-active *'lcmenU 
(Uiap. X,. 


6 :. 
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of tlio “corn|K)un(l ” l)ody from which they are 
educed. Thes(^ id(;a.s dat« from the time of Robert 
Royl(\ in hi.s “Sceptical (.’hynaist” (lOHO), he 
demonstrated the ineonsi.steiKues not onlV of the 
ancient Aristot(;lian do(,*trine of the Four Klement.s, 
l)Ut .showed how little of foundation in fact and 
how mucli of imagination was to be found in the 
ahihemical doclrino of the TrUi prtaat current in his 
day.' lioyl(5 not only insisted upon homogeneity 
as a characteristic of a true “ element,” but refused 
to admit any arguments hut such as were based 
U[)on experiment. 

The materials of which the earth and its in- 
habitants consist an; chietly compound, l)ut they 
are resolvable into a limited number of substance.s, 
regarded (;onventionally as elementary, because 
they iiave never yet been decompounded. Of these 
several— oxygen, nitrogen, and .some other gases - 
are found in the atnutsphere in the elemental form. 
Till) rest occur in proportions which are very un- 
equal ; .some as oxygen, silicon, carbon, and a few 
metals like aluminium, iron, calcium, magnesium, 
constituting in their various combinations the stuff 
out of which the greater part of the solid earth is 

’ The ('ompletu title of BoUe’n woik .sufficiently explains its ob- 
ject: "The Sceptical Chymi.st: or t’hemico-physical Doubts and 
Paradoxes, touching the Kxperinamts whereby vulgar Sj^girists 
are wont to endeavour to evince their Salt, Sulphur, and Mercury 
to be the true Principles of Things, to which are subjoined divers 
Experiments and Notes about the PrnductMtness of Chemical Prin- 
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formed, while others, though very nocessiiry to the 
constitution of vegctahle %>r iininuil tissue, occur in 
much smiillor amount, and others again are fouiul 
only Joclilly, or even in such minute quantity as to 
require special methods for their detection. 

Th(^ recognition of new elementary sul)stancos 
does not necessarily imply, as often popularly sup- 
posed, the isolation of the element itself. Fluor- 
spar, for example, was known in the middle of the 
eighteenth (jcntury to yield an acid analogous to 
muriatic acid (Sehoelc), hut tlui element lluoriiie was 
not isolated till Moissan announced the results of his 
expt'riments in IHSt;. Similarly, alumina was known 
as a distinct earth in 1754 (Marggratf) hut the 
metal was not obtained till I82<S (Wohler). Potash, 
soda, lime, and magnesia were recognised a,nd dis- 
tingui.shed from one another long before their com- 
pound nature was even suspected, and so in many 
other ea.scs. On the other hand, e.xamples have been 
knowui of siibstanccs which, produced by methods 
calculated to afford the clement, have been .supposed 
to be simple, till long afterwards they have been 
found to be compound. This was the Ciise with the 
meUlloidal element titanium. A peculiar crystalline 
copper-colourc^l substance of metallic aspect, some- 
times found in the bottom of blast-furnaces in which 
iron is reduced, was for a long time supposed to be 
metallic, that is elemental, titanium, till it was 
discovered by Wohler to contain not only titanium, 
l|ut carbon and nitrogen. 
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All equally interesting ca.se is that of vanadium, 
which had been supposed, tin the authority of Berze- 
lius, to he an element resemhlingt chromium, and 
yielding like that substance an acidic trioxidp. In 
IH()7, however, it wjus shown by Hoscoe' that the 
siibstaiKte supposed by Berzelius to be the metal was 
either an oxide or a nitride according to the method 
of preparation ; in fact vanadium forms a pentoxide 
V./)^ and belongs to the phosphorus family of 
elements. 

In 1887 fifty-four elements were known. In 1018 
we recogni.so upwards of eighty <listinct substances 
b(‘liev(Ml to be elementary, notwithstanding that a few 
of these have as yet been very impertci^tly studied. 
From time to time new cleiiKaits are annoiUK.'ed, and 
while some of these “come like .shadows” and “.so 
depart,” there has been a toba-ably steady addition of 
a permanently established member of the series on 
an average every three or four years. For these 
additions to our knowledge .science is mainly 
indebted on the one hand to the introdu(;tion of 
previously unknown methods of experiment, and 
on the other hand to a closer attention to resi- 
dual ’phenomena, previously neglected or imjx3rfectly 
studied. As to the former, we neeik only refer to 
the application by Humphry Davy, in 1807, of the 
then recently discovered chemical effe^cts of the 
electric current, by which he was led to the isola- 
tion of potassium and sodium; while the use of 
‘ Phil, Tran$,, 1868. 
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those metals in their turn afforded the means of 
decomposing compounds t)f horon, silicon, and alu- 
minium with liberation of those elements. 

In rce*ent times the most fertile method of dis- 
covery of new elements has boon tin? process called 
Spectrum Analysis. This was introduced as a 
definite method of experimental iinjuiry by Hunsen 
and Kirchhoff about 1850, and in Ihinsen’s hands 
led at once to the recognition of two previously 
unknown metals of the alkali group, to which he 
gave the names rubiditim and c.'osium. This dis- 
(;overy was followed by the isolation of thallium by 
(Tookcs in 18(11, of indium by Ih'ich and Richter 
in 1803, of gallium by Do Roisbainlran in 1875, 
and of the oxide of an element called scandium by 
Nilson in 1870. 

The story of Newton’s experiments mad(! in 1075 
with the .spectrum of the suns rays is almost too 
familiar to recpiire repetition. However, it is ncces- 
saiy' to recall these experiments to mind in this 
place, becau.so they not only form the Inisis upon 
which all subsecpient di.scoveries with the ])rism 
were made, but they show what very imporUint 
results often arise from apparently slight modifica- 
tions in the lyode of operating, or in the form of 
apparatus. Newton gives the following account of 
his procedure:^ “In a very dark chamber, at a 
round hole about one-third part of an inch broad 
made in the shut of a window, I placed a glass 

* Newton’s OpUcki, Book I. 


i 
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prism, whernhy the beiim of the sun’s light which 
came in at that liolc ni4ght he refracted upwards 
towards the opposite wall of the clmmher, and there 
lorin a coloured image of the sun. . . . Tfiis. image 
was ohlong and not oval, hut terminated with two 
nictilinear and paralh*! sid(;s and two semicircular 
ends. On its sidtjs it was hounded pretty distinctly, 
hut ou its ends very (tonfu.sedly an<l indi.stinetly, the 
light there de(*aying and vanishing hy degrees. TIk; 
breadth of this imago answered to the sun’s dia- 
meter, and was ahout two inches and the eightli 
part of an inch, iiaduding the penumhra. For the 
image was eighteem feet and a half distant from 
the [)rism , and at this distance that hreadth, if 
diminished hy the diameter of the hole in the 
window-shut, that is hy a (jiiarter of an inch, suh- 
teiuled an angle at the prism of ahout half a degree, 
whi(!li is the sun’s apparent diameter. Hut the 
length of the image was ahout ten imdies and a 
quarter, and the lengtli of the rectilinear sides ahout 
eight inches, and the refracting angle <jf the prism 
wherehy so great a length was made was 64°. With 
a loss angle the length of the image was less, the 
hreadth remaining tlie same. . . . Now, tlie different 
magnitude of the hole in the windojv-shut and dif- 
ferent thickness of the prism where tlie rays passed 
through it, and different inclinations of jthe prism to 
the horizon, made no sonsihle changes in the length 
of the image. . . . 

“ This image or spectrum FT was coloured, beirig 
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red at its least refracted end, T, and violet at its 
most refracted end, P, and^yellow, green, and blue in 
the intermediate spaces, which agrees with the first 
proposition, that lights which differ in colour do 
also differ in rcfrangil»ility.” 

Newton further proved that “whiteness, and all 
grey colours hetween white and black, may he 
compounded of colours,” and that “all hoinogeneal 
light has its proper colour answering to its degree 
of refrangihility, and that colour cannot ho changed 
by retlections or refractions.” 

This represents the extent of knowledge regard- 
ing the nature of sunlight which remained for 
upwards of a century. What Newton saw in the 
spectrum upon the wall was a scries of images of 
the sun so close togcllnT lhat they overla})pc(l at 
their edges, forming a continuous hand, having, as 
he says, parallel sides and circular ends. But the 
several rays which in sunlight are blended so as to 
give to the eye the sense of whiteness are separated 
in passing through the j)rism, .so that the images 
overlapping give to the eye the iinprt'ssion of colour, 
those at the Icjust refracted end being pure red, and 
tlio.se at the mo.st refracted end being pure violet, 
while the intermediate spaces are filled by imper- 
fectly separateef rays of different degrees of refrangi- 
bility. If, however, a very narrow slit is u.scd for 
the admi.ssifin of the light, and a lens is inter}Kwed 
so as to throw a clear image of the slit ujxm the 
first face of the prism, which must he placeil with 
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its edges parallel to the slit, a new phenomenon 
may be observed when swiilight is used, and that 
is the appearance of fine black lipes crossing the 
spectrum. These wore first seen by Wollaston in 
1802,^ but were studied and mapped in 1814 by a 
German opti<‘ian at Munich, Fraunhofer, and arc 
generally known as Fraunhofer’s lines. The physi- 
cal cause of the.se hlack lines will be explained a 
little later; they are seen in the spectrum of sun- 
light and of refiected sunlight, such as that which 
reaches us from the moon and (he planets, but are 
not .seen in the light derived from a heated solid, 
such as the lime in an oxyhydrogen lamp, or the 
carbon of an el(;ctri(! lamp. It has, however, long 
been known that flame may be coloured by putting 
into it various metals, .salts, an<l other vapori.sablc 
suhstances, and the light thus obtained, when seen 
through a pri.sm, gives .separate bright lines standing 
in the order of their refrangibilities, but .separated 
by dark spaces. Some of these were described by 
Sir John Herschel in 1822, and again by lTofe.ssor 
W. A. Miller in 1845. It was not until 1850, hoAV- 
ever, that the position and colour of the lines seen 
in the spectra of metallic salts vapori.sed in a flame 
were employed systematically for the recognition of 

* Wollaston [Phil. Trn»s., 1802) iisod for admi.ssion of the light a 
crovico 3*0 inch broad. The beam was received by |he eye close to 
the interposed prism, an<l four colours only were i)erceived, namely, 
rod, yellowish green, blue, and violet. Wolla.ston seems to have 
regarded the few dark lines he saw as simply ftouniUiries of these 
regions of colour. 
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such substances, and the foundation of the spectro- 
scopic method of analysis, was laid by Bunsen and 
Kirchhoff. The ^apparatus employed is in principle 
very siiuple. The light to be examined passes 
through a narrow slit, the edges of which are 
parallel with the edges of the prism. To concen- 
trate the light after entering the slit, it passes 
through a tube containing a pair of lenses by which 
the rays arc made [)arallel before entering the prism. 
On leaving the prism the .spectrum is seen through 
a telescope, which gives a magnified imago of it. 
The arrangement commonly adopted is shown in 
the figures which are to ho found in m'arly all text- 
books of physics. 

Now, when the flame of a Bun.sen lamp is [)laccd 
before the slit, and a platinum wire dipped into a 
solution of, .say, common .salt, is introduced into the 
dame, a bright yellow light is seen, and looking into 
the telescope a bright yellow lino is .seen, and 
nothing elsc.^ If for a sodium com[)ound wc sub- 
stitute a salt of potJi.s.siiun, then a red line is seen 
near the le.ss refrangible end; if a lithium com- 
pound, a red line is .seen nearer to the yellow than 
the red j:K)t.‘i.ssium line, and also a yellow line, which 
is not far from the sodium line, hut not coincident 
with it. In like manner other mehds give colora- 
tions to flame, or their comjx)unds give (lolorations, 
which in tlfe spectroscope are resolved into bright 

* This really consists of two yellow lines so close together that the 
siimjle spectroscope is usually iiicom])etent to show them seimrate. 
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lines separated usually by dark spaces, each line hav- 
ing an invariable position^rclatively to the others. 

The method of spectrum analysis is distinguished 
by its extraordinary delicacy from the » ordinary 
chemical methods, which are chiefly based upon the 
prod tuition of colours or precipitates in liquids. 
Bunsen and Kirehhoff' in their Memoir^ show that, 
for example, in the ease of sodium the eye can 
recognise the preseiuic of one three-millionth of a 
milligranirno of the metal. Hence the common pro- 
duction of the yellow light in the Bunsen flame, 
when a platinum wire, apparently clean, is held in 
it, or when the air is but -slightly agitated, so as to 
raise a little common dust. Sodium, in the form 
chiefly of common salt, is to be found in minute 
quantity distributed m the atmosphere (iverywbore; 
it is present in all eommou water, and in nearly all 
animal and vegetabbi substances, and the frcipicnt 
appe^irance of the yellow light, and the correspond- 
ing yellow double line, was a source of much per- 
plexity to the earlier observers, who, finding nothing 
else to account for it, attributed it not imnaturally 
to the presence of water. It was not till IS5() that 
Professor Swan of St. Andrews recognised in sodium 
the cause of the yellow line. 

Thus far reference has been made oidy to the 
effect of introducing into a flame substances which 
are capable of being converted into vjtpour by the 

' Transliited into seveial English journals; c.<j. Phil, Mag., vol. 

(18G0), and Journ. Ghnn. *Sor., 13, 270 (1861). 
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heat, and so carried up in that state into the upper 
part of the flame, whore tlio vapour hocomos incan- 
descent and gives out light. In some cases, how- 
ever, thcf temperature of a common flame is not 
sufticiently high to give thi.s otfecl. For example, 
many metals arc not vaporised hy siuth a source of 
heat, and it is necessary lo resort to the much hotter 
electric “arc,” or to the electric spark obtained from 
an induction coil, in order to produce vapour from 
them, and cause this vapour to e-mit- light. The in- 
duction (joil is specially serviceahle in such cases, for 
sparks may ho taken hetwcen the |)oles ti})ped with 
the metal under examination, or may ho made to 
pa.ss l)etwccn one pole and a solution of the .sub- 
stance to he tested without any apprecial>lc lo.ss of 
material, It must, however, he remem)>cred that 
th<! spe<‘tra oh.served under the.s(‘ cireumstHuecs are 
not identical with llmse which would he ol»tained 
from the same element, at the lower tcm})crature 
of a flame: the spectrum afforded hy a given ele- 
mentary substance in the arc or spark is in almost 
all ca.ses more complex, that i.s, it exhibits a greater 
number of lines than when a flame i.s used. The 
spectrum oKservable when a flame i.s coloured by 
the introduction of a salt i.s, in many ca,sc,s, nitwle up 
of comparatively broad bands, and these disappear 
when the temperature i.s raised, lacing rophveed by 
bright narrower lines in different positioius, not co- 
incident with tho.se of the bands. Thaso linos usually 
remain unchanged at .still more elevate<l tempera- 
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tures, but other mlditional lines frequently make 
their appearance. The .spectrum derived from the 
flame is, in such ca.scs, usually t^ttributed to the 
glowing vajXHir of a compound, while ‘the line 
spectrum obtained by the use of the arc or the 
spark is suppo.sed to be that of the metal present. 
Those are quite distinct from each other, and at 
present there is no recognisable relation between 
the spectrum of a metallic element and that of its 
compounds, such as the oxide or cliloride. 

As to the non-metalli(^ elcmeids, and especially 
the gases hydrogen, oxyg(m, nitrogen, the light 
which they give out at high temperatures is less 
intense than that cmitU'd by metallic va])ours ; and 
they are usually ob.served mo.st (ionveniontly by 
allowing an electric di.s(;hargo to pass through the 
gjus contined in a glass tube, and expanded by 
means of an air-pump till the pressure of the gas 
is reduced to somethirig very small. The dis- 
charge under such conditions pas.ses through a much 
longer column of the gas, which hceomes incandes- 
cent throughout. As with the metals, the character 
of the spectrum varies according to conditions: at 
comparatively low temperatures bands of light or 
closely grouped lines are seen ; at higher tempera- 
tures these change in position, ultimately disappear- 
ing as the temperature is raised, and gi^nng place 
to separate fine lines, the relative intensities of 
which, however,- change with altered conditions in a 
manner which is often very difficult to explain. ^ It 
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seems established that the number and positions of 
the lines forming a giveif spectrum are dependent 
partly upon the composition or molecular constitu- 
tion of *tho substance employed, partly upon the 
([uantity or density of its vapour, and partly upon 
the temperature to which it is cxposeil. 

These variations, however, perplexing as they are 
to the inexperienced observer, do not ))rovcnt the 
application of the s})cctroscopo to the recognition of 
a great many elements, and, as alr(*ady stated, have 
led to the disco\ery of s(‘V(Tal. 'Fho presenco of 
several elements together does not interfere under 
ordinary circumstances with tin? exhibition by each 
of its own special array of lines, and hence complex 
mixtures, of minerals for examph', may he submitted 
to examination by the sp(u*,trosco[)c, with the cer- 
tainty that those constituents which are capable of 
yielding vapour will be rccognisahh*, notwithstand- 
ing that they are present in only minute quantity. 
Naturally, however, when heat is applied, the more 
volatile constituents will pass off in vapour first, and 
will therefore ajford their spectra more readily than 
the less volatile. 

Reference luis already been mtule to the fact that 
sunlight differ^v from the light emitted by heated 
solid bodies, inasmuch as the band of <;olour is not 
continuous from end to end, but exhibits a large 
number of fine black lines cros.sing it transversely, 
which arc known jis Fraunhofer’s lincvS. Notwith- 
standing that Fraunhofer counted and mapped some 
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hundreds of these lines, he did not give any ex- 
planation of their occurrence, and it was only many 
years later that the solution of the mystery was 
supplied by Kirchhoff*. When a vapour is heated 
strongly enough it gives out light which consists of 
rays possessing definite refrangibility, and capable of 
exciting the sensation of colour in the eye, as already 
stated; at lower temperatures, however, the vapour 
is capable of stopping the same radiations. Hence, 
if a sufliciontly thick layer of .such vapour is inter- 
posed in the path of a ray of light from a source 
which supplies a continuous spectrum, a series of 
black lines would appear in the siime position as 
the bright lines whi(;h would be seen if the vapour 
itself gave out light and this was viewed through a 
prism. The sun is supposed to ho a very hot, solid, 
or fluid body, the light from whi(!h, if uninterrupted, 
would adord a continuous spectrum, like that given 
by a heated solid metal, or by heated lime. But this 
luminescent nucleus is surrounded by an atmosphere 
of vapours less hot, and therefore capable of stop- 
ping certain of the radiations; and so black lines 
appear in the spectrum of the sun’s light, and these 
correspond in position to the bright lines given by 
such metals as iron, calcium, sodium, and other 
terrestrial elements when their vapours are heated 
to incandescence. Similar observations^ have led to 
the belief that a large number of elements are 
common to the Ciirth. and to the sun, and many of 
the stars. 
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With regard to the recognition of elemental bodies, 
however, a distinction mast be drawn between the 
recognition of wholly unknown and unsuspected new 
substances, and the discovery of methods for isolat- 
ing from known compounds elements the (ixistonce 
of which is already well estahlishe<l. As already 
stated, potash and soda were distinguished from 
each other many years before their compound nature 
was demonstrated, and poUussium and sodium ob- 
tained in tlie metallic state ; alumina and silica were 
familiar long before the elements aluminium and 
silicon were separated from their associated oxygen. 
One of the most interesting citses of this kind is 
afforded by the non-rnetallic element fluorine. Fluo- 
ride of calcium is widely diffused in nature. It occurs 
in many minerals, and, in small (piantity, as a con- 
stituent of the tissues of plants and animals. It is 
well known in the crystalHia; form as the beautiful 
fluor or Derbyshire spjir. The action of sulphuric 
acid U[)on this substaiu'c was studied by Scheele in 
the middle of the eighteenth c«!ntury,and the acid so 
produced, long employed for etching glass, luis been 
recognised since the time of Davy >is a compound of 
the &ime nature as muriatic acid; that is to say, 
as constituted^ of hydrogen associated with an ele- 
ment having propertie.s similar to those of chlorine. 
Noverthelcvss the .separation of this element, long 
called fluorine, from the compounds in which it is 
known to reside, has only been accomplished after a 
long series of fruitle.ss attempts. Fluorine in the 
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so-called free state is the most energetic chemical 
agent known. It decomposes water in consequence 
of its affinity for hydrogen, and the displaced 
oxygen is partly converted into ozone. It combines 
with metals of all kinds, and the heat generated by 
its union with .silicon, with sulphur, with iodine, and 
even with carbon is .so great as to cau.so ignition of 
tho.so substances. Jt is not di.splaced from its com- 
pounds by the action of any other known element, 
and the statements concerning its liberation from 
mercuric or silver Huoridcs l)y the action of chlorine 
were erroneously based upon inqx'rfcct exj)crimciits. 
It is obtainable, though with difficulty, by heating 
certain tluoride.s, notably eeri(; fluoride, and 

plumbic fluoride, PbFj (Ihauner), which thus be- 
come reduced to lower fluorides. But the know- 
ledge of this remarkable substance would have 
remained extrcmel)^ imperfect but for Moi.s.san’s ex- 
periments in BS.St; on the electroly.sis of anhydrous 
hydrogen Huoride. This li(|uid is not an electro- 
lyte, but on the addition of dry pottissium hydrogen 
fluoride it conducts, and the .salt is re.solved into fluo- 
rine and pota.s.sium. The latter liberates hydrogen 
which escapes from the surface of the cathode, 
while the former is .set free at thg anode in the 
form of a pale greeni.sh gas which possesses all the 
chemical activity of chlorine in an exjjlted degree. 
It is liquefiable at about - 190°, and its boiling point 
under atmospheric pressure is very close to - 187° C. 
It forms at this temperature a pale yellow liquM, 
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which no longer exhibits the energetic chemical 
properties displayed by ihe gas, for at this low 
temperature it does not even displace iodine from 
iodides, though it retains the power of seizing the 
hydrogen in benzene or oil of turpentine with in- 
candescence. Tlie powerful affinity of fluorine for 
hydrogen is the last to disappear.* 

We may now turn by way of contrast to the dis- 
covery in the atmo.sphero of a new gjus, or rather a 
mixture of gjises, the existence of wiiich there had 
been no reason for suspecting, and tho strange 
characters of winch could never have been pre- 
dicted from any consideration within the range of 
recogni.scd (themical pbiliKSophy. The liistory of tho 
d is(a) very of “ argon ” is one of the mo.st i?]tere.sting 
and instru(;tive (diapters -in tho records of natural 
scneiice. For some time previously to 1898 Lord 
Ibiyleigh had been making determinations of the 
densities of the principal ga.ses,* nitrogen among 
the rest, and his attention was early attracted to 
a curious anomaly ob.served in the cjuse of this 
element. When the gas wjis made from ammonia 
it was found to be decidedly lighter than when ob- 
tained from air, and iis it seemed “ certsiin that the 
abnormal lightne.ss cannot be explained by contami- 
nation with hydrogen, or with ammonia, or with 
water,” everything seemed to sugge-st “that the 

‘ Monograph by H. Moissan. Reeherchet »ur Vuolftnrnt du Jluor. 
Paria, 1887. 

* Proe.Roy.Soe.,53,m. 
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explanation is to be sought in a dissociated state 
of the nitrogen itself.” «A.nd by successive experi- 
ments it was shown that whether the oxygon of air 
WHS removed by r(;d-b()t copper, by red-hot iron, or 
by cold ferr<Mis hydrate, the superior density of 
atmospheric nitrogen remained imdiminishcd, while 
the density of nitrogen obtained by various chemical 
processes from nitrous oxide and from nitric oxide 
was the same as that from ammonia. The mean 
weights of nitrogen held by a certain globe were as 
follows : 


From nitric oxiclo 

‘i-.’ioor 



From nitrous oxide . 

2-201X) 

-Mean 

2-299:1 

From ammonium nitnto 




From air by hot copper 

From air by hot iron 

From air l)y ferrous hydrato 

2:110,1 

2-3102| 

Mean 2 -.11 02 

'Difference -0100 

Hence, after due corrections 

one litre of 

chemical 


nitrogen weighs 1-2505 gram; atmo.spheric nitrogen 
weighs 1-2572 gram. A review of all these facts 
led to the conclusion that the lightness of chemical 
nitrogen was not to be attributed to the presence 
of any familiar impurity, or to the existence of 
two forms of nitrogen, but rather that the greater 
density of atmospheric nitrogen was duo to its 
association with a heavier gns existing in the air 
in small quantity, and hitherto unreco^ised. The 
question as to the homogoneousness of the gaseous 
residue left when the oxygon of air, the moisture, 
and the ciirbon dioxide have all been withdrawn. 
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was long ago considered by Cavendish in his 
“ Experiments on Air,” published in the Philoaopliical 
Transactions for 1785. Here he says, “ As far as the 
experiments hitherto puhlislicd extend, we scarcely 
know more of the nature of the phl()gisti(;ated ' part 
of our atmosphere, than that it is !»ot diminished hy 
lime-water, caustic alkalis, or nitrous air; that it is 
unfit to support fire or maintain life in animals; 
and that its specific gravity is not much less than 
that of common air ; so that though the nitrous acid, 
hy being united to phlogiston,” is converted into air 
possessed of these properties, and, consequently, 
though it Wiis rcasonahle to suppose that part at 
least of the phlogisticated air of the atmosphere 
consists of this acid united to phlogiston, yet it 
might fairly ho doubted whether the whole is of 
this kind, or whether there are not in reality many 
different suhsUinccs compounded together by us 
under the name of phlogisticated air. 1 therefore 
made an ex})eriment to determine whether the whole 
of a given portion of the phlogisticated air of the 
atmosphere could he reduced to nitrous acid, or 
whether there was not a part of a difl’erent nature 
from the rest which would refuse to undergo that 
change.” (Cavendish then proceeds to dascribe his 
experiment, from which ho concludes that “ if there 
is any part of the phlogisticated air of our atmo- 

‘ Phlogisticated air is the term, in the language of the theorjr of 
phlogiston, for nitrogen ; dephlogisticated air is oxygen. 

• i.e. deprived of oxygen. 



74 THE PROGRESS OF SCIENTIFIC CHEMISTRY [CHAP. 

Sphere which differs from the rest, and cannot be 
reduced to nitrous acidf we may safely conclude 
that it is not more than part of the whole.” 
Tliere the (piestion was left more than rt century 
ago. In August 1R94 it was answered by the 
announcement by Lord Rayleigh and Professor 
Ramsay of the discovery of a new constituent of 
the atmosphere, a gas having a density nearly 
half as large again as that of nitrog('n, and distin- 
guished from all then known gases by absolute 
chemical inertnes.s, being, so far jis at pre.sent known, 
incapable of entering into any form of chemical 
combination. 'I’be name (ivfjim was given to this gjus 
in allusion to its chemical inactivity. 

Two methods were employed by the discovc'rers 
for the removal of the nitrogen and the isolation 
of the argon. The first was the method used by 
Cavendi.sh, though with the advantage of modern 
appliances. This (‘onsists in adding oxygon to the 
air confined over a .solution of cau.stic potash, and 
then passing electric sparks through the gaseous 
mixture. The nitrogen is thus made to unite with 
oxygen, and the resulting oxide of nitrogen is ab- 
sorbed by the potash, and is converted into nitrite 
and nitrate. At the end of the ^experiment the 
residual oxygen is easily removable by red-hot 
copper or othcrwi.so. The other proce^ consists in 
first absorbing the oxygen from the air operated 
on by means of red-hot copper, and then getting 
rid of the nitrogen by passing the gas over the 



II] ^ RECOGNITION OP HELIUM 75 

surface of magnesium, or better still, a mixture of 
lime and metallic magnesium. Either of these 
agents absorbs nitrogen, forming solid magnesium 
or calciiihi nitride, leaving (he argon as a colour- 
less gas. 

The discovery of argon among the atmosplieric 
gases naturally led to a search for a more produc- 
tive source of the element, and I, he attention of 
Professor Ramsay was drawn to the statement that 
certain minerals containing uranium evolve under 
the action of dilute sulphuric acid a gas which 
Wius suj)poscd to be nitrog<‘U. Ou submitting sonic 
of the giis thus obtaiiu'd to tlui proc(‘ss of spark- 
ing in admixture with oxygcai very little contrac- 
tion occurred, and it was manifest that the amount 
of nitrogen jjresent was insignificant. On exami- 
nation of the light afforded by the expanded gas 
exposed to the spark discharge, it showed at once a 
feature which gave a clue to the character of the new 
substance. In addition to lines due to hydrogen and 
argon, present in the gas, a brilliant yellow limj was 
observed, nearly, but not cpiite coincident with the 
yellow line Di of sodium. The wave-length of this 
line is 587'4tf millionths of a millimetre, and it is 
exactly coincident with the line I)., in the solar 
chromosphere attributed to the .solar element, which 
had been named by Lockyer liellnm. The complete 
spectrum is characterised by five very brilliant lines 
in the red, yellow, blue-green, blue, and violet respec- 
ti^ely. The gas is chemically inert like argon, and, 
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like that element, in molecular constitution it appears 
to be monatomic. The dfifficulty of complete separa- 
tion from argon rendered the original determinations 
of its density somewhat uncertain, but helium is 
undoubtedly, next to hydrogen, the lightest gas 
known, and its specific gravity has been observed 
as sornowbat loss than 2. Helium has since been 
obtained in a pure stale, but its density has not been 
appreciably reduced. 

This remarkable history, however, docs not end 
here, for early in June 1808 Profe.ssor Hainsay and 
])r. M. W. Travers communicated to the Royal 
Society an ac(;ount of their examination of liquid 
air, in which they announced the discovery of a 
now constituent, to whicdi they gave the name 
krypton (hidden). Ten days latter, in a further 
paper, they described two other gases, named respec- 
tively neon (new) and mefdryon,^ among the “ Com- 
panions of Argon.” The method employed consisted 
in licjuefying a large amount — nearly 18 litres — 
of “ argon,” obtained from atmospheric air by 
absorbing the oxygen by red-hot copper, and the 
nitrogen by magnesium. When the temperature 
was allowed to rise, the liquid evaporated away, 
the first portions of gjvs being collected separately, 
as likely to conUiii any substance lighter than 
argon. The lightest and most volatile ingredient 
of this mixture, called noon, is a gas whose density 

^ Metargon was afterwards found to be a mixture containing 
carbonic oxide. . 
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is nearly 10, while argon has a density approaching 
20. A fifth member of this* group of inert gases was 
a little later discovered in very small quantity in 
the least volatile portions of the liquid. It was 
called jrenon (the stranger), and is found to have the 
density 04.’ The ga.ses thus i.solated from air agree 
in the common charactori.stic of (diomical inactivity, 
or inability to form conqioimd.s. 'I’lioy arc believed 
to be monatomic, that i.s, that, like mercury vapour, 
their molecules contain one atom only. Their densi- 
ties and molecular weights are as follows: 


Name. 

.Syinlu.l 

Atoimo or M(»locnlar 
Woi^^ht. 

Helium 

Ho 

1 

Neon 

No 

20 

Aij'on 

A 

‘10 

Kr\ pton 

Ki 

82 

Xt'uon 

.\e 

12s 


Small quantitie.s of h}(lrogen are also .said to have 
been detected in atmospheric air, so that our atmo- 
sphere is a mixture even more conqjlex than had 
ever been previou.sly siis[)cctcd. The new gases arc 
physiologically as well as chemically inert; but within 
the la.st few years the discovery of radio-active matters 
(Chap. X.) in the air lays ojxju the question whether 
such matters ipay not contribute to t.ho.se thera- 
jK3Utic effects for which certain localities have a 
reputation. 

With regard to the distribution of the elements in 
the crust of the earth, one fact which has long been 
• ' Kdmi>ay and Travers, Proe. Roy. .Sor., 67, 32U 
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recognised has acquired within the last few years a 
new signiHcanco. It is faVniliar to every mineralogist 
that elements belonging to the same or closely con- 
nected chemical families arc commonly iissociated 
together in the cartli.^ Thus a specimen of a lead 
ore which does not contain silver is scarcely to be 
found, and similarly a zinc ore without cadmium, 
one of iron without manganese, nickel without cobalt, 
are almost unknown, while the frequent occurrence 
of the halogens in company with one another is 
equally noticeable. The whole (]uestion has been 
discussed more than on(;e in connection with specu- 
lations as to llu? cause of the observed relations 
among th(^ atomic weights which are cTubodied in 
what is called the periodic law (see ('hap. TV). 
But quite recently attention has again been drawn 
to the facts which have become more than ever 
significant since the genetic connection between 
such elements as radium and uranium has been 
established. 


BKKUUPHK^AL NOTES 

Paul Emii.k Lkcoq dk IIoisbaudran was born, in 1838, 
of a family belon^ini^ to the ancient Proto.stant nobility of 
Poitou and Anj^oumais. T’bough engaged ,'n business in early 
life, he devoted his leisure to the study of chemistry and 
physics, and the greater part of his scientific work relates to 
spectioscopic observation, which resulted in tlSj recognition of 
several metals among the constituents of the “ rare earths,” 

‘ See the DcUa of Gfwhemistry, by F. W. Clarke. U.S. Geological 
Survey, Bullotin 41)1 (1911). • 
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aa woll as tho discovery of gallium in blonde. He died 28th 
May 1912. ^ 

[Obituary by W. Ramsay. Journ. Chtm. Soc., 103, 742 (1913).] 

B()HU8La*v Braun'KH, Professor of Chomistry, Bohemian 
University, Prague, Bohemia. 

Robkht Wilhelm Bun.skn was born 31at March 1811, at 
Gottingen. His father was University Librarian and Pro- 
fessor of Philology. Hunsen studied chemistry under Stro- 
moyer at Gottingen, and after continuing his studies in Paris, 
Berlin, and Vienna, he returned to Gottingen as prinU -docent. 
In 1836 he was appointed to succeed Wohler as professor in 
the Trade School at Cassel. In 1839 ho became professor in 
tho University of Marburg, where he remained till IH.'il. After 
a few months at Hreslau, ho succeeded to the chair at Heidel- 
berg vacated by Gmelin. Buii.sen disc(»vered cievalyl and its 
chief derivatives alnuit 1H39, In the investigation of the 
gases of the blast-furnace, ho \\a.s led to make important im- 
provements in apparatus and methods, do8<'ril)od in his well 
known (ui.^ionielnsihe Mithodm, IH.')?. In 1811 ho constructed 
his carbon battery, and applied it to the electndytic isolation 
of many metals. In 1844 ho invented the groaso-spot photo- 
meter, for many years in general use. 

Beside tho discoveries mentionodin tho text, Bunsen carried 
out many other researches. His invention of tho burner for 
gas is familiar to all the world. 

Ho died at Heidelberg, IGth August 1899, 

[Bunsen Memorial Lecture. II. K. Koscoe. Journ, ('hem. Sor.^ 
77, 513 (1900).] 

Jo.sEi’H Fracnhofku, Director of the Optical Institute in 
Munich, and Keeper of the Physical U.ibinet of tho Academy. 
Born at Straubin^ 6th March 1787. Died at Munich, 7th 
June 1826. 

[Poggendorlf’s Harulwortrrhuch.] 

John Frederick William Herhchkl, son of Sir William 
Herschel, astronomer. Born 1792, died 1871, and buried in 
Westminster Abbey. 
ipictionary of National Bio(jraphy,'\ 
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Guhtav Robkrt Kirchhokf, born at Kdnigsberg, 12th 
March 1824. From 1850 to 1854 Professor Extraordinary at 
Breslau, then Professor of Physics at Heidelberg. In 1876 
transferred to professorship in the University of 'Berlin. 
Died 17th October 1887. 

j l*oggondorfi’’8 Handu nrU rhuch, \ 

JosKt-H Norman Lockyku, K.O.B., LL.D., F.R.S., Professor 
(retired) of Astropliyhics in the Royal College of Science, 
London. 

Andhkas SioisMUNi) MARotiRAKK, pharmaceutical chemist, 
and later Director of the Chemical Laboratory of the Academy 
of Hciencos in Berlin. Born ihd March iTOb, died 7th August 
1782. 

[ Poggondorff’s Handiroiterburh.] 

William Ali,k,n Mii.lkr, born at Ipswich, 17th December 
1817. Educated at the Quaker School at Ack worth, he was 
apprenticed to liis uncle, a surgeon ; but after completing his 
studios in the medical ilepartmont of King’s College, London, 
he got employ ment under Danioll in the chemical laboratory, 
and ultimately succeeded him, in 184.5, as Professor of Chem 
istiy. Miller’s most inn>ortant seientitic work was done in 
conjunction with Dr. (later Sir William) Huggins on the 
spectra of the fixed stars. 

He died on 1 3th September 1870. 

[Obituary by Charles Tomlinson. Pioc. Roy. Soc., 1!), xix. 
(1871).] 

Henry Mois.san was born in Paris, 28th Septemlier 1852. 
After working in the laboratory of Fn'my and attending the 
lectures of Sainte-Claire-Deville and Debray, he worked under 
Di^hi^rain on some problems in vegetable chemistry. He 
graduated as Doctour os Sciences in 1880. He then moved to 
the laboratories of the Sorbonne, and occupiejJ himself hence- 
forth on inorganic chemistry. At the time of his death ho 
held the Professorship of Inorganic Chemistry in the f’aculty 
of Sciences of the University of Paris. He published a large 
number of papers, but his most notable achievement was, the 
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isolation of fluorine in 1886. He afterwards discovered the 
conditions under which carbon jjissolved in molten iron sepa- 
rates on cooling in the adamantine form. He also applied 
the electric furnace to the preparation of many metals, and 
crystallised lime and other refractory oxides. To 181M he 
obtained calcium carbide. 

He died in Paris, 20th February IDOd. 

[Moissan Memorial Lecture. W. llamsHy, Jonrn. Chem. Soc., 
101,477 (1912).] 

Lars Fueduik Nilson was born in Ostergothland in 1840. 
In 18.’')0 ho liecamo a student at IJpsala under Svanlsirg, the 
successor of llet/.elius. ‘ After taking his doctorate, he became 
chief assistant in the laboratory. From 1878 to 188.’I Nilson was 
Professor of Analytical (liemistry in the University of Upsalu, 
and thonceforw.vrd occupied the Chair of Agricultural Choniistrv 
at the Royal Academy of .\griculturo in Stockholm. 

He died I Ith May 1899. 

[Nilson Memorial Lecture. O. Pettoisson. Jonrn. (Ihem. 
Hoc., 77, 1277 [1900]. 

Wii.M \M R\yi.svY, K.C.H., F.R.S.,«S:c., Professor of Chemistry 
(retired 1912), Unucrsity (killoge, London. 

Loud Rvm.ek.h (.John William Stint t, .'Ird Baron), OM., 
F R.S., Chancellor <4 the University of Cambinlge, Hon. Pro- 
fes.sor of Natuial PInlo.sophy m the Rojal Institution. 

Fr.KDiNtM) Khi( M. — Boin at Itoniburg, 19th Februaiy 1799. 
Professor of Physics and Theoretical ClieniiHlry at Freiberg 
(Siixony). 

Died 1882. 

I Poggendortrs Iftindmiinhioh, vols. li. and iii.) 

Hieronymi .s Twkooore Rk iiti u. H«»rn at DroMleii, 21st 
Novenilier 1824. Teacher in the Jiergacademie at FreilK'rg 

Died 1898. 

[Poggendortf^s Uandvurtrrhnfh^ vols. ii. and iv ] 

Henry Enfield Roscok, Kt, P.C., D.C.L., F R.S., &c. 
Professor-Emeritus in the Victoria University, Manchester. 

V 
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Karl Wilhelm Scheele. — Born at Stralsund, 9th December 
1742 At the of fourteen ^e was apprenticed to an apothC' 
cary at Gothenburg, where he read much and practised experi- 
ment. After taking employment at Mahno, at Stoc'kholm, 
and at TIpsala, he made the acquaintance of Bergvnann. At 
Upsala ho made many investigations, resulting in the discovery, 
among other things, of the gases long afterwards named oxy- 
gen and cldorine. In 1775 ho was made a member of the 
Swedish Ai-ademy. About this time ho was appointed to take 
charge of a pharmacy at Kuping, wln-iu, after a few years, 
ho was able to relievo the business of an incumbrance tif 
debt, and to buihl himself a laboratory. His health, however, 
failed, and he died on 21st May I7H(i. Scheele’s name must 
ever be reniemliered as that of one of the most active and 
successful workers known in the history of chemistry. Besides 
oxygen and chlorine, he made indopeiidont discoveries of 
ammonia, hydrochloric acid, and hydrocyanic achl. A five per 
cent, solution of the last-iiamed is to this day known in 
pharmacy as Sc-heelo’s acid, lie discovered also hydroHuoiic, 
lactic, gallic, citric, oxalic, tartaric, and several other acids. 
He isolated glycerin and milk sugar. Ho discovered arsonetted 
hydrogen and the green copper arsciiite which beais his name, 
besides introducing now methods of making calomel and many 
other compounds u.sed in medicine. 

[As.'iiti/.s ill Ihxtoriad i'lianidi ij. T. E. Tlioipe.] 

William Swan, Professor of Natural Philo.sophy at the 
University of St. .Andrews. 

Born ISIH, died 1891. 

[fV'/iive Ttiliilla: a memorial volunie of St. Andrews Univer- 
sity, 1911 ] 

Moiinis William Tuavkus, D.Sc., F.RS, Director of the 
Indian Institute of Science, Bangalore, Indfii. 

WiLLPAM Hype Wollaston.— Born at East Dorelmm, Nor- 
folk, 6th August 1766. The son of a clergyman, who was 
himself an astronomer of some distinction, he took a degree in 
medicine at Cambridge, and for some time practised at Bury 
St. Edmunds and in London. He gave up practice- in If^K) 
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and devoted himself to scientific pursuits. Wollaston dis- 
covered jwlladium and rhodiini^ in crude platinum, and in- 
vented the process for working platinum, which was practically 
employed for more than fifty years. Ho invented the reflect- 
ing goniometer and the cryophorus. Ho also examined tho 
oxalates of potash, and thus independently illustrated tho law 
of multiple proportions. 

He died 22nd December 1H2H. 

[lHdionar]i of National Itioyraphij.] 
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CHAPTER m 

RECTIFICATION AND STANDARDISATION OF 
ATOMIC WEKJIITS 

The iiooesHity lor prosorving the dislinetioii i)ciwccii 
fad estal)lislHMl l>y ()l)serviition or expcriniciit, and 
hypofhrHis which siij^oostsan explanation of the facts, 
has not always been clearly recognised in chemistry. 
Wo know, for example, that oxygen and hydrogen 
will cond)ino together in certain proportions, and in 
no others. This is explained hy (he ami.vi]>tion that 
atoms of oxygen unite wit h al.oms of hydrogen to form 
compounds, and that the atoms of oxygen are all of 
equal mass, and are each nearly .sixteen times heavier 
than an atom of hydrogen. J( is therefore impos- 
sible that there can h(‘ compounds made up of com- 
plex proportions of these two elements, uide.ss we 
as.siime that whieii is very improbahle, namely, that 
the atoms combine in large numbers and uneven 
proportions, say, for cxamjde, thirty^ of one kind to 
thirty-one of another. Dalton wius the first to apply 
the “atomic theory” to chemistry, and his ideas 
respecting chemical combination were exprc.ssed 
in the following manner C “When two elements 

^ Thomson's System of Chemistry, 3rd edition, vol. iii., 1807. ^ 
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combine to 1‘orni a third substance, it is to bo pre- 
sumed that oiie atom of otic joins to one atom of the 
other, unless when some rojison can be assigned for 
supposing the contrary, 'rims oxygen and bydrogen 
unite together and form water. Wo are lo j^resume 
that an atom of water is formed by the e(»ml>ination 
of one atom of oxygen with one atom of hydrogen. 
In like manner one atom of ammonia is formed by 
the combination of one atom of azote with one atom 
of h}drogen.” It is ol)vious that if such bypothetical 
idcJis arc superimposed upon the acknowle<lged facts 
as to the composition of uater, an artilicial rule is 
established lor <'stimating the relative atomic; wi'ights; 
and in Dalton’s time, and chieilv as tin; outcome of 
bis experiments, tlie values attributed to (be atomic 
weights of the three elements referred to above were 
actually ba.sed on this combination of ideas. Dalton, 
hmvever, and all his .succe.s.sors, were obliged to admit 
that this simple hypothesis is not applicable to all 
case.s, and is manife.stly often opposed to well-estab- 
lished facts. The composition of water, for example, 
was represented by nearly all chemists during the 
former half of the nineteenth century by the fornuda 
HO, in which H stands for I part by weight of hydro- 
gen, and 0 foii 8 parts by weight of oxygen. The 
change which has rasulte<l in the universal adoption 
of the formula HjO, in which 0 is approximately 
twice 8, was the result of a protnicted contro- 
versy beginning from the time of Dalton himself. 
Gay-Lussac’s celebrated “Memoir on the combina- 
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tion of GtusooiiH Substances with each other,” ^ was 
published in 1809, and the Essay ^ by Avogadro, 
on “ A Manner of determining the relative Masses of 
the Elementary Molecules of Bodies, and the Pro- 
portions in which they enter into these Compounds,” 
in 1811. (lay-Lussac ])roved by experiment that not 
only does one volume of oxygen combine with two 
volumes of hydrogen in the production of water, but 
that muriatic and carbonic, acad gases combine with 
ammonia gas in the rat io of 1 : 1 or 1 : 2. Ho further 
demonstrated that ammonia is composed of one 
volume of nitrogen combined with three volumes of 
hydrogen, and that carbonic oxide in burning with 
oxygen (tonsumes half its volume of this gas. From 
these and other examples he (‘oncluded that gases 
always Combine together in simple proportions by 
volume, and further, that the apparent contraction 
ot volume which tlu^y experience on (jombination 
hius also a simjde relation to the volume of the gases, 
or at least to that of (me of them. 

Avogadro, accepting Gay-Lussac’s experimental re- 
sults, proceeded in the memoir referred to to discuss 
the explanation of the facts. Ho was led to the 
hypothesis now familiar enough to chemists, though 
so tardily recogni.sed, namely, “ the yupposition that 
the number of integral molecules in any gases is 
always the sjime for equal volumes, or always pro- 
portional to the volumes.” About three years after 

‘ Engli.sli translations of both are included in No. 4 of the 
Alembic Club BeprinU. * 
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the publication of Avogadro’s Essay, the French 
physicist Ampere put forward similar views ^ regard- 
ing the constitution of gases, and probably it was 
respect for his authority which jussisted in the hesi- 
tating acceptance of the priiutiplc by chemists 
generally. Ihit although Dumas in 1826- refers 
to the fact that at that time ph\sicists agreed in 
supposing that in clastic fluids under the same 
conditions equal volumes contain the same nnmber 
of mole(Jules, it was not till nearly forty years later 
that this principle was generally employed as the 
basis of a method of estimating molecular weight. 
This reform was the result which followed, though 
not even then immediately, the rcpresentjilions made 
in 1808 and again in 1860 by the Italian professor 
('annizzaro. 

The nature of the problem will be shown most 
clearly if we consider closely a single example, that 
of oxygen. Nearly eight parts of oxygen unite with 
one part of hydrogen to form water, but the ijuestion 
i.s, whether in the smallest exi.sting particle, that is 
the molecule, of water there is but one atom of 
oxygen with one atom of hydrogen, lus Dalton 
supposed, or whether water may not contain more 
than one aton^ of either or both the.se elements; 
and whether, taking the atomic weight of hydro- 
gen as the unit, that of oxygen should bo 8 or 

‘ Ann. Vhim. /%«., IK), 43 (1814). 

* /6«f., 33, 337 (1826). This is the memoir iu which Dumas de- 
i^Tilies hih method of taking vapour-densities. 



88 THE PROORESS OF SCIENTIFIC CHEMISTRY [CHIP. 

some multiple of 8. The question began to be 
seriously discussed when,^n 1848, Uerhardt' pointed 
out that the combining proportions or equivalents 
a(!(!Opted for organic compounds did not agree 
with those Jissigncd to rniiuiral substances, and in 
order that they might correspond with HoO, CO 2 , 
and Nir,, the fornudji' ho gave to water, carbon 
dioxide, and ammonia respectively, they required to 
bo reduced to ono half; and at tiic end of a series 
of pa[)crs on the subject ho concluded that “ the 
densities of gnsiis are proportional to their equiva- 
lents." Mis system of forimihe was based on the 
adoption of the symbols U./) tor water and making 
other tbnnulje conform to this. If it be true, as 
Avogadn) taught, that “e(|ual volumes of diderent 
gases at the same temperature and pressure contain 
the same number of molecules,” then those quanti- 
ties of all sub.stances which fill the same volume in 
the state of gas must bo taken as molecular propor- 
tions under the same conditions. 

IVeviously to this time there had been no rule 
commonly recognised and ap[)lied to this purpose. 
Thus, if the symbol H stand for one volume of 
hydrogen gas, HO (0 -8) represents also one volume 
of water vapour, and HCl represents two volumes of 
hydrogen chloride gas. Or if HO stand for two 
volumes, then H must also stand for two volumes, 
and HCl for four volumes. Gerhardt proposed to 
take water as the standard of comparison; that is, 
‘ Ann, Chim 7, 129, and 8, 238. , 
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as the unit of molecular magnitude.. He repre- 
sented the molecule of water by the formula HgO 
(H=i and 0— 16), reviving the relative value of 
the atomic weight attributed to oxygtiii by lierzelius, 
though now reduced to the scale in whi(;h H is 
taken as 1, instead of 0 jis 100. Accordingly the 
formula' HjO, HCl, Nll.^, CO., represent ecpial volumes 
of the several corntiounds in the giuseous state, and 
under the same conditions of temperatun' and pres- 
sure. And it is neccs.sary to observer that these for- 
mula' do not only agree in regard to the hypothetical, 
physical constitution of the gasi's which th(i\' repre- 
sent (that is, they comply with the hypothesis of 
Avogadro), hut they actually represent tin; chemically 
reactive units or molecules of these suhstaiu'es. Hut 
these formula' imply that the atoniii; wi'ights of 
oxygen and carbon must he assumed to lie double 
of those commonly adopted by ('hemistry at the 
time, and require a corresponding change in the 
formuhe of all the oxides, acids, bases, and other 
compounds in which these elements exist. Great 
support for these views was deriveii from the suc- 
cessive discoveries of the constitution of ether by 
Williamson (IH.W), and of many aci<l anhydrides 
by Gerhardt l^imself.‘ For .so long jis ether wa.s 
regarded as the oxiile of ethyl, Cyi/), while alcohol 
represented a compound of this oxide with water, 
namely, as hydrated oxide of ethyl, 

(C=6, 0=8), the relation was not perceptible. 

• See further on, Chap. V. 
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But when Williamson showed that the conversion 
of alcohol into ether is accomplished, not by the 
simple withdrawal of water from alcohol, but as a 
consequence of the exchange of an atom of \iydrogen 
in alcohol for another ethyl group, the result- 
ing compound forming a volume of vapour equal to 
the standard volume, namely, to the volume occu- 
pied by a molecular proportion of water, HgO, a 
new view of the constitution of alcohol followed 
as a necessary consequence. The following com- 
parison will show clearly the nature of the change 


involved : 

Ol.l> STYLE 

Nknn stu.e. 

Kdinuila' 

rorresrmiiiliiii' 

Voluim 

Konnuhi- 

Correapt^iiding 

Vohinie 

|0 8,(' -tij 

of VuiM'ur 

[0 1». (^-121 

of Vapour. 

HO 

1 vol. 

H,0 

2 vols. 

IlCl 

2 vols. 

HCl 

2 M 

CO 

1 vol. 

CO 

2 

CO., 

1 vol. 

CO. 

2 

ml, 

2 vols. 

NH, 

2 „ 

C^H.O 

1 vol. 

(^U„0 

2 M 

C^H^O 1 HO 2 vols. 

C.,H„0 

2 


it was, however, long before such views as these 
received the general assent of the chemical world, 
and it required the support of evidence drawn 
from various apparently di.stinct lines of inquiry, to 
establish hrmly the new doctrine. Tq order to ascer- 
tain the volume of vapour which corresponds to a 
given formula, it is only necessary to (V^termine the 
specific gravity of the vapour, that is, the weight of 
one unit volume, hydrogen or air being usually taken 
as the standard. But though text-books of this period 
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usually give an account of the methods of Duiuiis and 
Gay-Lussac for such experimental determinations, 
the results were usually treated as isolated physical 
facts, or were applied to the correction of empirical 
formula', and never to their reduction to a common 
standard. 

In 1H84 Dumas discovered the remarkable fact 
that chlorine is capable of replacing an equal volume 
of hydrogen in many organic compounds, the pro- 
cess being afterwards known as substitution, or, 
as Dumas called it, meUdepsy. Acetic acid, for 
example, is a monobasic acid, for it affords with 
ea(L metal, as a rule, only one salt, in the formation 
of which one eipiivalent of the a(!id was known to 
interact with one equivalent of such a base jis potash. 
But three-fourths of the hydrogen of acetic acid is 
exchangeahle in three successive stages for equivalent 
quantities of chlorine, giving ri.se to mono-, di-, Jind 
trichloracetic acids, thus : 

Acetic acid. . . • 0,UjO.,Il() (C- 0,0=8) 

Monochloracetic acid . (! 4 H 2 bMOTHO 

Dichloracetic aci<l , . C 4 llCl./),ilO 

Trichloracetic acid . . tbCl,OjlIO 

These chlorinated acids arc monobasic, and bear a 
strong resemblance to acetic acid, from which they 
are derived.^ 

Dumas also pointed out,=* in reply to criticisms 
from Berzelius, that while chloracetic acid heated 

1 Coinpt. Ilcnd., 7, 474 (1S3S). 

• AnmUn d, Chm. u. Pham., 33, 179, 259 (1840). 
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with pota.sh splits into carbon dioxide and chloro- 
form, acetic acid heated with baryta gives carbon 
dioxide and a gas which he identified with marsh gas, 
of which chloroform is the tri(;hloro-(leiivative, and 
therefore an analogiu'. And taking the principle of 
isomorphism as a guide, he declared that compounds 
like acetic acid and (diloracetic acid belong to the 
same chemical tifpe, ']mi as all the difterent varieties 
of alum belong to the same crystallographic or 
mechiinical type. A little later ho studied the 
action of chlorine upon marsh gas, and though he 
did not succeed in isolating all the successive pro- 
ducts of the substitute of chlorine for hydrogen in 
this compound, he obtained and analysed the per- 
ehloride, which is the final product of the action, 
and showed that the production of this compound 
and chloroform represented two stages in the same 
process, The complete series of substitution pro- 
ducts would he expressed by the following names 
and formula' : 

Mothano or marsh gas CllHHU 

Chloromothano or metliyl chloride . . . CHHHCl 

Dichloroinothaue or methylene dichlorido . CHHCICI 
Trichloromothane or chloroform .... CHCICICI 
Tetrachloromothane or carbon tetrachloride CCICICIUI 

These successive steps have since that time been 
completely traced, and each of thase Qpmpounds is 
now well known and characterised. Dumas also, 
together with Stas, investigated the action of potash 
upon a number of alcohols and their principal ethers, 
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and showed^ that all true alcohols can produce a 
corresponding acid. Thus he was led to a classification 
of carbon compounds according to the nature of the 
typical substance, alcohol, ether, acetic acid, aldchyd, 
&c., from which the compound could be derived, 
actually or hypothetically, by a process of substitution. 

As will be shown in a later chapter, the molecules 
of water, ammonia, hydrochloric acid, hydrogen, and 
marsh gas were afterwards successively adopted as 
tyjies of the various (*,lasscs of chemical (;om])ounds, 
and thus a chissification wa.s elletded of the other- 
wise miscellaneous products of successive discoveries, 
especially in the domain of what has so long been 
called “organic” chcmi.stry. Thougb it was many 
years before this doctrine wjus generally accepted, 
the important facts came ulthnately to bo recognised 
that certain elements are distinguished by the power 
of holding together two or more atoms of other 
elements, or of “residues” consisting (*f M^vcral ele- 
ments united into a group.- 

In water, for example, and in all the immediate 
derivatives of water, such as caustic potash, alcohol, 
ether, silver oxide, hypochlorous acid, it was per- 
ceived that while the electro-positive elements, such 
as hydrogen, poUissiinn, ethyl, Ac., could be sepa- 
rately replaced, and that in water the liydrogcn is 
divisible into two exactly equal parts, the oxygen rnain- 

' Ann. Chim Vhjn. [2], 7.'}, 73 (1840). 

* A fuller account of these developments \h reserved for a later 
cljjipter (Chap. V). 
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tains its indivisibility throughout. This important 
distinction is recorded in the formulee of the water 
type: 


H 






k[o 


Ak) 

Agi 


C.,H, 

H 
H 


Cl 


0 . 


Gerhardt pointed out that the formula HgO for 
water is profiTahlc to the formula HO (0 = 8) then 
in use, beoau.sc it is consistent with the fact that 
each monatomic (in modern language, monad or 
univalent) radi(;le’ gives two derivatives of the water 
typo, that is, by successive repla(;ement of the two 
atoms of hydrogen it forms two oxides,'^ like caustic 
potash and oxide of pota.ssium, as shown by the 
above formulic. The same radicle, however, gives 
only one chloride, one bromide, and one iodide. 

Precisely similar con.si derations can be applied to 
compounds containing carbon. Marsh gas is com- 
posed of this element united with hydrogen, but 
whereas the latter can ho replaced by chlorine, or 
other agents, in four separate and equal portions, 
the carhon is not only not so divisible, hut it has 
the power of linking together in one definite and 
homogeneous compound the chlorine which fois been 
introduced in exchange for a part of the hydrogen, 
and the residue of Iiydrogen which h left after such 
operation. Hence such compounds as CH^Cl and 
CHClg are producible from marsh gas>,and are by 
an inverse operation transformable back again into 

' This is the usual modern form of Miis word. 

* Traiti lie Chimie Organiqw, t. iv. 689. 



Ill] i^TOMIC WEIGHT OF CARBON 95 

that compound. These relations are sufficiently in- 
dicated by the formulfc already given (p. 92). 

Further, if we examine the now familiar series 
of homologous hydrocarbons, alcohols, aldehyds, 
acids, i^c., contixining carbon in progressively increjus- 
ing proportion, it becomes obvious that each term 
of such scries differs from the next below and the 
next above by a (piant ity of carbon which is never 
less than 12 parts by weight, the (piantity of 
oxygen, if present, remaining the same ihroughout 
the series. The following formula*, for examj)le, 
represent all the known members of the several 


series of paraffins, ak 

•obols, and fatty acids ; 

Parnffliis. 

Alcohols 

latty \(ids. 

CxUi 

CxH/) 


C,xU« 


a.ibo. 


evibo 



(’4xll,„0 

cviidb 




&c. 

Ac. 

Ac. 


It is obvious that in such series x must be equal 
to 1, and the atomic weight of carbon must be 12, 
and not a smaller number such as b*. For sup- 
posing (J = (), then each formula W(jukl repre.sent 
the proportion of carbon present as divisible into 
two equal parts, far wbi«'b (here is no justification 
ill fact. Moreover, in such a .series as the paraffins, 
there would be on that hyjJothe.sis a gas comjX).sed 
of carbon and hydrogen having half the density <d‘ 
marsh gas, and the formula It is almost 

needles-s to sjvy that such a ga.s is not known. A 
similar argument may be bused upon the wcll-estab- 
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lished fact that in the numerous definite decom- 
positions in which the dxides of carbon are evolved, 
none are known in which carbon is eliminated in 
this form in quantity less than would be expressed 
by 1 2 parts by weight. Take formic acid, for example : 

=C*0 

CxH.p.,+0' =CxO.^ | H,0 

If 0 = 0 these quantities would have to be repre- 
sented as (A^O and respectively, which would 
bo unnecessary and illogical, so long as (A, is known 
to represent an indivisible (piantity. 

Throughout this long discu.ssion, extending over 
twenty years or more, two chief considerations were 
gradually brought to one common focus; the one 
btused upon the hypothesis of Avogadro provides a 
uniform measure of molecular magnitudes, the other 
indicates the limited combining capacity of each 
elementary atom, and of each group of atoms form- 
ing a radicle. If to this is superadded the strictly 
chemical pro(5ess whicli consists in ascertaining by 
experiment whether the (piantity of any given ele- 
ment, found in a series of molecules of which it is 
a common ingredient, is divisible into several equal 
parts, or is not so divisible, we arrive at the con- 
clusion that the indivisible or atomic proportions 
of each element can be determined. And the end 
of it is, that taking one part by weight of hydrogen 
as the unit for the scale of atomic weights, and find- 
ing that not less than 16 such parts by weight of 
oxygon ever enter into or leave a molecule of a com- 
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pound, 16 must he regarded as the atomic weight 
of this element. By a similar course of reasoning 
applied to the compounds of carbon, silicon, sulphur 
and its allies, it is now agreed that the value 
assigned to the atomic weight cf each of these 
elements must be, jus in the case of oxygen, double 
the value previously ius.sumed, so fluit heiujcforth C 
sUinds for 12 parts of airboii. S for 32 parts of 
sulphur, Jind so forth. 

The new atomic weights ami the simultaneous 
changes in the system of chemioid formnlii* were, 
however, not generally jidopted in text-books or in 
seiontiru: memoirs till long after IH6(). The new 
system was employed for the first time by Hofmann 
in his lectures jit the Royal ( ollege of ( 'hernistry in 
the year IMG I, Jind this exiunplo d(jubtle.ss assisted 
greatly to promote the recognition of the new doc- 
trine in England. In 1864 Dr. (Idling, as President 
of the Chcmiciil Section of the British Association, 
was able to congratulate the section ujx)n “the 
suRstJUitial agreement which now prevails among 
English chemists as to the combining proportions of 
the elementsiry bodies and the mole(uilar weights of 
their most im|)ortant compounds.” But in France 
the formula for water continued very generally to be 
written HO, or occasionally, with cqujil imj)ropriety, 
HjOj, down to a period at least five-and-twenty 
years liter. So great, even in .science, is the in- 
fluence of habit and of jiuthority in retarding the 
modification of long settled ideas. 
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The application of the “ law ” of Avogadro to the 
settlement of atomic weights is, however, limited 
by the fact that certain elements, metals, appear 
to bo incapable of producing compounds which are 
vaporisablo without decomposition. Thus silver, 
gold, platinum, copper, and cobalt form no volatile 
chloride or other compound of which the vapour 
density could bo ascertained. In such cases recourse 
must bo had to other methods, whereof the most 
important is the application of the specific heat, in 
accordance with the discovery of Petit and Dulong 
published in I HP). These physicists found that 
when the number oxpros.sing the specific heat of a 
solid element is multiplied by the atomic weight of 
the same, the numerical value of the product is nearly 
constant. This is .shown in the following table : 


Copy of Table by PErriT and Dulono ^ 



Specific HeaU. 

Atomic Wel^lita 
(0=1). 

Atomic Weight 

X Speciftc Heat. 

Bismutli . 

•(»2S8 

13-.30 

•38.30 

Lead 

•0293 

12-9.'> 

■3794 

Gold 

•0298 

12-43 

•3704 

Platinum . 

•0314 

ll-lO 

•3740 

Tin .... 

•0514 

7-35 

•3779 

Silver 

•0557 1 

0-75 

•3769 

Zino .... 

•0927 

403 

•37315 

Tellurium 

•0912 

4-0'o 

■31575 

Copper 

•0949 

3-957 

•3755 

Nickel 

•1036 

3-lJ!) 

■3819 

Iron .... 

•1100 

3-392 , 

■3731 

Cobalt 

•1498 

24fi 

•3886 

Sulphur . 

•1880 

2011 

•3780 


» inn. Chivu Phyt., 1819, x. 408. 
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The statement of the relation indicated in the last 
column of figures is expressed in the following words 
of the authors, p. 405: “Les atonies do tous les 
corps simples out oxactement la meme capacite pour 
la chaleur.” 

Of course several of the values inserted in this 
table have since been proved to bo exceedingly 
inaccurate. More modern re.searches have estab- 
lished the general truth of the principle hero enun- 
ciated, blit only when the temperature at which the 
specific heat is observed lies between tho freezing 
and boiling points of water in the cases of all tho 
elements except earlion, boron, silicon, and beryllium.* 
The inHiience of temperature on .specific heat is much 
greater than was formerly supjxxsed, and the results 
of modern investigation .show that at a very low 
temperature, such as tho temperature of boiling 
liquid hydrogen, it becomes very small, and probably 
in all cases it di.sappears at or near the absolute 
zero.*'* 

The system of atomic weights at present in use 
is referred to hydrogen as unity, but the scale upon 
which the atomic weight is calculated makes no 
difference except in the absolute value of the pro- 
duct, approxim^itely constant, obtained by multiply- 
ing together the specific heat and the atomic weight. 
On the hydrogen scale this product is about 64 

‘ Tilden, /oum. Chevi, Soc., 87, 651 (1906). 

* Nernit. C'A^to. Soc. JnnwU Rfport for 1912, p. 9. 
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and the process of scttlir^ an atomic weight is very 
simply based on the equation— 

Atomic Wt. X Spec. Hoat=6‘4, 

from which, if the specific heat is known, the atomic 
weight can he at once roughly calculated. Since, 
however, the experimental difticultics attending the 
determination of the specific heat are greater than 
those which are involved in the determination of the 
comhining proportion of an element, the numhers 
expressing specilii^ heats are less exact than those 
whi<fii express comhining weight. The atomic 
weight is either identh^al with the (comhining pro- 
portion, or is some multiple of it. So that, in order 
to fix the atomi(i weight of a metal, we take that 
multiple of the ecjuivalent or comhining propor- 
tion which comes nearest to the value of this pro- 
duct. The specific heat of tin, for example, is 
*0551) (Bunsen), and 29-75 parts of the metal com- 
bine with an equivalent of chlorine. Then, since 

At. Wt.---g^^ the atomic weight is 

taken to he 29'75x4, or lU)-0, or thereabouts, 
rather than 29-75 or any smaller multiple of this 
number. 

It is interesting and important to vote that when- 
ever the two methods, based on the use of the law 
of Avogadro on the one hand and that^f Petit and^ 
Dulong on the other, can be ap})lied to the same 
element the results agree. Thus nickel is known 
to have an atomic weight which approaches 59, {(^v 
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the specific heat is *108 ^and — 59'2. Also the 

vapour density of its carbonyl compound is Hfi’S 
compared with hydrogen, llema; the molecular 
weight of this compound is 178, and it is found by 
analysis to contain 888 p(‘r cemt. of nickel; 178 
parts tbenjfore contain r)7() parts of ni(‘k(‘l, wliicb 
is in practical agreement with lln^ v.due derived 
from the specific heat. But just as the law of 
Avogadro had to wait nearly lifty years for general 
recognition, so the principle assorted by J^etit and 
Dulong remained unapplied and almo.st unnoticed, 
save casually as a matter of curiosity, dow'ii to com- 
paratively recent times. It is true that Uegnault, as 
a result of Ids researches, commenced in 1840, ‘ wivs 
led to regard the law as univer.sally applicable, hut 
Kopp, who resumed the (piestion a <piarter of a cen- 
tury later, came to the conclusion that the law- of 
Dulong and I’etit is not strictly valid, even when the 
exceptional cruses of boron, carbon, and silic()n arc ex- 
cluded. The want of mid concordance among the pro- 
ducts of the multiplication of sp(H*i(i<; heat by atomic 
weight does not, however, prevent the very general 
application of the law for the purpo.se of controlling 
atomic weights in the manner already de.scrihed. 
And chemi.str_f is indebted chiefly to the ropre.scnta- 
tions of Cannizzaro* in 1858 for the recognition 

* Especially Ann. Ch. Pky». [2], 73, 6C, ami [3] 2fi, 2fU. and 

46, 257. * Phil. Trorw,, 1866. 

• II Nuoco Vimento, 7, 321. BogUsh version in Alembic Club 
ReprirUt, No. 18. 
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of this most important . use of the observed re- 
lations. 

The system of atomic woij^dits most genorally 
ad()])t(‘d at the present day takes hydrogen as unity, 
though unfortunately there is not a universal agree- 
ment as to this matter, for a considerable number 
of chemists prefer to use the round number lb for 
oxygen, on the ground that if this numlxir is used 
instead of the somewhat .smaller value which inoni 
exactly represents the atomic weight of oxygen when 
hydrogen is taken as the unit, the atomic weights of 
many of the more common of (he elements may 
also be represented by whole numlu'rs without appre- 
ciable error. Thus, if 0 is Ifi, wo have As --75, 
llr-.SO, (:a-40, (:---12, F-ll), Fe - 5(i, 1=127, 
Hg =- 200, N - 14, P :U, Na • 22, S 22, 
Sii “ 119, very approximately. It must not be 
forgotten, however, that if ()=0(), the value P008 
must be assigned for all exact purposes to hydrogen. 
A table of atomic weights in accordance with the 
best available evidence is annually published by an 
International Committee, in which the number IG is 
adopted jvs the atomi(j weight of oxygen. 

Whether the one scale or the other is used, how- 
ever, is a matter of small importance Jin comparison 
with the immense advantages which have accrued 
from a general agreement as to the methods by 
which the atomic weights may be calculated from 
the chemical equivalents. As a consequence of this 
agreement certain relations among the numerical 
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values of the atomic weights have been discovered, 
and the nature of the elements themselves set in an 
entirely now light (see next chapter). 

It seems proper to recall at this point the names . 
of a few of the more prominent among the workers 
Avho have laboured to introduce ac(*uracy into the 
experimental estimations of the coml)iriing pro- 
portions of the elements, from which the atomic 
weights of the same are, as already explained, de- 
rived. The first to make experiments cxplieitly 
directed towards the estimation of the relative 
weights of atoms wjis, of course, John Dalton, but 
the numbers ho obtained were in many cfises so far 
from the truth, that his results have at the present 
day no interest, except from the historical point of 
view. The same may be said of the “equivalents" 
calculated later by Wolhiston {Vhil. IVans,, 1814), 
and the first chemist to whom science is indebted 
for estimating these ratios with a tolerable approach 
to accuracy Avas the Swedish profo.ssor Berzelius. 
To this business, indeed, he devoted the greater part 
of a laborious life. His example was to a certain 
extent folloAved, and a number of very exact estima- 
tions Averc due to the labours of Dumas, Pelouze, 
De Marignac, and others. L»ater, the most eminent 
among the numerous workers in this field was 
J. S. Stas, who, in a .series of papers of which the 
first Avas published in 1860, gave the results of his 
experiments on the atomic weights of ten elements, 
conducted Avith precautions more elaborate, and with 
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a skill more refined than .anything previously known 
in researches of this kind^ 

The object aimed at is to dotennine exactly the 
proportion of each element which enters into com- 
bination with the unit weight of some one element 
taken us the standanl. During the first (jnarter of 
last century oxygcni was used us the standard for 
comparison, and its (•()nd)ining unit was tissumed to 
bo 100. Hut inasmuch as hydrogen enters into 
combination in the smallest [)roportion of all, it wjus 
soon found more convenient, to take hydrogen jus 
the standard, and refer all other combining weights 
to (hat of hydrogen, as.sumed to be 1. The hypo- 
thesis suggested by Front in IH]5, that tb(‘ atomic 
wciglits of the elements are nndtiples of the atomic 
weight of hydrogem by whole numbers, doubtless 
assisted in promoting the adoption of hydrogen as 
the unit. This hypothesis in its original form has 
long since been abandoned. 

The methods actually employed for the purpose 
contemplated are very diver.se. It is not possible in 
all cases to obtain compounds of the elements with 
hydrogen. The metals, for example, afford but few 
examples of such compounds. On the other hand, the 
metals fonn oxides which, tus a class, are remarkably 
definite and stable substances. Analytical difficulties 
of a practical kind, however, also stand in the way of 

* A complete account of the object, scope, and results of Stas’ 
work Is given in the Memorial Lecture by ProfeRSor J. W. Mallet, 
reati before the Chemical Society, Dec. 1892. — Trans. Chem, Soc., 
(53. 1 (1893). 
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directly ascertaining the prg^rtions of the elements 
in such compounds, and chemists resort, therefore, to 
the chlorides, bromides, sulphates, and other com- 
pounds, as well JUS to the direct examination of the 
hydridi's or oxid(‘S for the information desired. 
The ratio in whieh hydrogen and oxygen stand to 
each other in water is a matU'r of such funda- 
mental importance, and the experimental proces.ses 
employed are so instructive, that a short a(;connt of 
them may he given here. 

All the early determinations of the comfwsition 
of water hy weight were has(‘d upon the fact that 
copper oxid(! may be heated to redness hy iLself 
without decompo.sition or loss of weight, hut that 
in presence of hydrogen it yields copper, whi(di 
remains heliind, and water in vapour, which may 
he conderrsed and collected in suit-jd)le apparatus, so 
that its weight can he determined. Hence the loss of 
weight sustained In' oxide oi' copper heatcil in a stream 
of pure hydrogen would give the weight of oxygen in 
the water whieh is formed. The dill’erenco between 
the weight of wat<ir and that of the oxygen in it gives 
the hydrogen. The first re.Hults of real value were 
obtained hy Duma.s, and were puhli.shed in 1H42. 

The figure, gWen in I)uma.s’ paper in the Anruiles 
fie Chimie, shows the ves.sol in which hydrogen was 
generated, tubes conttiining materials for purifying 
and drying the gas, a bulb containing pure cupric 
oxide, and a second bulb with connected tubes, in 
which the water formed is collected without loss 
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of vapour, carried away, by the escaping excess of 
hydrogen. The weight of the bulb containing the 
oxide is detennined with great can; before; the ex- 
periment begins, and again at its close. The weight 
of the bulb and of the connected tubes is also deter- 
mined when empty, and after the c.ollection of the 
water. Many preeiautions are necessary, and many 
were aeftually adopted by Dumas, but all sources of 
error (;()uld not be avoided at that day, even if they 
were rccogni.sed. Some of the experimental diffi- 
culties are obvious enough, such as the impurities 
present in hydrogen obtiiined by the (uistomary 
methods, tin; difficulty of removing moisture from 
the gas, and the intrusion of air by leakage through 
the joints of (he apparatiis, the [)r(‘.senc(; of impurities 
in the copper oxide, the uncertainty of the weigh- 
ings performed in atmospheric air, the (iondition of 
which as to moist ure, prc.ssuro, and temperature varies 
from day to day. These and others, unsuspected in 
Dumas’ time, have been considered, and more or less 
completely met by later investigations. The results 
of these successive impiiries into the application of 
this method are given below : 


Names of K\poriiiiontor». 

Cumbininjf Weight 

I’rolvihle 


of Oxygen. 

Error. 

Dunmo .... 


± -0070 

Erdnmnii and Marchand . 

. ir)-»7r) 

:f0113 

Cook and Richarda . 

. 15'869 , 

-}--00-20 

Reiser .... 

. 15-9514 

i-ooii 

Dittmar and Henderson . 

. 15-8667 

±•0046 

Noyes .... 

. 15-8966 

±•0017 

Lednc .... 

, 16-881 

±•0132 
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An entirely distinct method, involvinj,^ the diffi> 
cult tiisk of uniting oxygen to hydrogen, and weigh- 
ing not only the water produced, hut the gases 
themselves before comhination, was undertaken 
by Professor K. W. Morley. The hydrogen was 
absorbed by palladium, atul (he metal with the 
“occluded” gas weighe<l separal(‘ly. Tlui oxygen 
was weighed in (he gaseous form in compensated 
globes, and the combination of the hydrogen with 
the oxygen was effected by means of olec'tric sparks, 
in an apparatus in which the resulting water could 
bo collected and weighed, while the unconsumed 
residue, whether of hydrogen or oxygen, could be 
collected apart and determined. The result of a 
series of such experiimuits gave for the (;onibining 
weight the value 

15-8790 ± -(Xio-iH. 

One other important method, involving again a 
different principle, mu.st not be oniitt(‘(l : this is a 
comparison of the densities of the two ga.ses, hydro- 
gen and oxygen, with the a.ssumption, fully justified 
by abundant evidence which cannot be discussed 
at this point, that suppsing them to be true gjiscs 
(see Chapter IX), their den.sitics would bo pro- 
portional to thejr combining weights. Oxygen and 
hydrogen are not, however, perfect gases, uniting in 
the exact rat’o of one volume to two volumes. As 
the combined result of very elaborate experiments 
conducted by Dr. Alexander Scott ^ and by E. W. 

‘ Phil. Tram.. 1893. 
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Morley,^ the ratio is gctually 1 to 2 0028, with a 
small probable error. This fact has to bo taken 
into account in estimating the chemical combining 
weight of the gases from their relative densities. 

A largo number of weigliings of these gas(!S have 
l)een made by su<M;essive generations of clumiists 
from the tinuis of ( 'avendish and Ijavoisier onwards, 
l)ul the first determinations which attained to any 
considerable degree of accuracy were those made by 
Kegnault about 1845. The subject has been taken 
U[) again in ro(;ent years by Lord Rayleigh,^ and by 
Morley, who.se work has already been referred to, 
also by the late Profc.s.sor J. P. (Jookc, and others; 
the result being that the number tinally adopted, as 
expressing the density of oxygen, is appreciably loss 
than the number resulting from Regnault’s and the 
other earlier estimation.s. In the end the rc.sults 
stand as follows; the value of the symbol 0 from 
the 8yntbo.sis of water is ir)-87()0; from the densi- 
ties of the ga.ses it is 15’8709.^ The number 15’88 
may therefore be taken for all practical purposes as 
the combining proportion of oxygen. 

^ Amcr, Journ. M. [3], xlvi. 220, 27(1. 

• "On the I)t;nsitie.s of the Princij>al Gaf.es” (/Vwc, Roy. Soc., 
liii. 134). 

* These are the values calculaleU by Profes.sor F. W. Clarke from 
all the best data combined. See Smithsonian Constants of Nature. 
A Rerahulfition of the Atomic Weiffhts, 3rd cd. PJlCJj 
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BIOGRAPHICAL NOTES 

AmI'IDKu AvodADiio (di Quiiref'ii.i e di Cerroto) was bum at 
Turin, 9th August 177fi, and dic'd 9tli .luly 1856. Tlui namu 
Avogadro appears to bo a moditication of Artimtiit in roforonco 
to the functions discharged by the family in early times in 
connection with the legal business of the clergy. Amedeo 
himself took the degree of Doctor in KoclosiasUcal Law, and 
for some years was engaged in the practice of the legal pro- 
fession. 13ut from about I8(M) lie began the serious study of 
mathematics, and in 18U9 became Professor of Physics at Vur- 
celli. In 182U the first Italian chair of mathematical physics was 
in.stituted at Turin, and Avogadro held this chair till the end 
of 1822, when it was .suppressed. In IH.’bJ the chan was re- 
stored, and after being oeciiiued by (.'auehy for two }»'ars it 
was given again to Avogadro, who held it till 1856, when he 
retired. 

[Opere Scdte >li Amoln) Avoijntlro. Published by the Academy 
of Sciences of 'rurin. Prefaced by a Life by Prof. .1 (Inareschi, 
1911.J 

Stam.sLAO U\n.MZ/,ako was born in Paleimo on 13th July 
1826, the youngest of a large family. At the age of fifteen he 
began the study of medicine at Palermo, but in 1845 he made 
the acquaintance of the physicist Melloni, and by his intro- 
duction became assistant to Pitia at Pisa. Henceforward his 
studies were devoted to chemistiy, though interrupted by his 
taking part in the revolution in Sicily. Escajiing to Pans, he 
worked in the lalxiratory of C’lievreul, and joined Cloez in 
work on cyanogen chloride, which was published in the ('umptw 
Rendus in 1851. Soon afterwards he was recalled to Italy and 
appointed Professor at the National Sehwl at Alessandria. 
Here he discovered lienzylic alcohol. In 1865 Cannizzaro was 
appointed to tko Chair of Chemistry in the University of 
Genoa, but once more he left his studios to join the revo- 
lutionary movement, under Garibaldi, which led ultimately to 
the unification of Italy. In 1861 he was called to the Chair 
oLChemistry in Palermo, where he remained about ten years. 
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In 1871 he wag appointed ^ the Ohair in the new University 
of Home, and this he retained, tof^ether with the position of 
Senator, till within a year of his death, which occurred on 10th 
May 1910. (Jannizzaro occupied himself with subjects drawn 
from orj^'anic chemistry, but his j^roat service to science consists 
in the Sketch of a Courxe. of Chemiral Phxlosofhy, p\iblished in 
1858, of which the principles were expounded in 1860 at the 
Chemical Con^'ress at Oarlsruhe, and a^ain in 1892 at the 
Faraday MoiiKtrial Lecture j'lven befoio the Chemical Society 
in London. 

[Cannizzaro Memorial Lecture. \V. A. Tilden. Joum. 
Chm. Soc., 101, 1677 (1912).] 

Frank VVigolkhwoutii Ci.arkk, LL.l)., D.Sc., chief chemist 
to the United States Ceological Survey. 

.losiAH Parsons CooKK, born at Boston, 12th October 1827. 
Krving Professor of C'heiiu.stry and Mineralogy at Harvard 
University, Cambridge, Mass. 

Ho died Pith Soptemlior 1894. 

[Biographical sketch l>y M. Benjamin. Scieiitific AviericnUy 
57,377 (1887).] 

Ohaui.ks Fr^:i)i:ric Ckriiahot was born at Strasbourg, 2l8t 
August 1816, the son of Paul Cerhardt, a chemical manu- 
facturer at Borne. Ho early showed a taste fur chemistry, 
and attended the lectures of Professor Erdmann at Leipzic. 
Owing to a (|uarrel with his father he enlisted in a regiment of 
Chasseurs, but after a short service regained his freedom with 
the assistance of a friend. He then proceeded to Giessen, and 
worked under Liebig’s direction for eighteen months. In 1838 
he went to Pans, and commenced researches on cuminic acid 
and other compounds at the laboratory of the Jardin des 
Plantes. In 1844 he was appointed Professor at Montpellier, 
but after four years ho abandoned his chair and returned to 
Paris, where he established a laboratory of his own. In 1856 
he was nominated Professor to the Facult)s of Sciences at 
Strasbourg, but after a very short illness he died on 19th 
August 1856, just as he had completed his great work on 
Organic Chemistry. 

[Obituary, Quarterly Joum. Chm. Nor., 10, 187 (1886).] 
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August Wilhelm von Hofmann was born in Giosson, 8t!i 
April 1818. He matriculated af the University, November 
1836, and took his degree August 1841. He continued to work in 
Liebig's laboratory, and in 1843 published his first research on 
C(>al tar, in which he proved the identity of llunge’s kijioiol with 
Fritsche’s aniliiw. He then bocanie first assistant to Liebig, 
and in 1846 was appointed Extraordinary Professor in the 
University of Bonn. In the same year the Royal College of 
Chemistiy was founded in London, and lloftnaim wa.s invited 
to become tlie first professor. In 1865 Hofmann was appointed 
to the Chair of (Chemistry in the University of Berlin. He 
died suddenly, 9th May 1892. ILjfmann’s very extensive 
researches related chielly to the jiroduction and properties of 
the organic bases, espeiaally aniline and its derivatives, includ- 
ing some of the artifi< ial colours. 

[Hofmann Memoiial Lecture. Playfair, Abel, Perkin, 
and Armstrong Journ. Chcm. Soc,, (59, 576 (1896). Also 
“ Sonderheft,” /Ar. <1. hext. Chnn. (»V.< , 1902 ] 

Hkhm.vn.n Koim', born at Hanau, 30th October 1817, the son 
of a physician. He studied chemistry first at llei<lelherg under 
( I melin, but graduated at Marburg. In 1811 he bocamo ;jn'ivd- 
docnxl in the University of Giessen. On removal of Liebig to 
Munich, Kopp and Will were appointed professors, with joint 
charge of the laboiatory. In 1803 Kopp accepted a call from 
Heidelberg, where ho remained till his death on 20th February 
1892. 

[Kopp Memorial Lecture. T. E. Thorpe. Jonrn. (Jlusm. JS'oc., 
63, 775 (1893).] 

John Willi.\m Mai.let, F.K.S., was born near Dublin, 
10th Oct. 1832. He was educated at Trinity College, Dublin, 
and in Gottingen under Widiler. About 1864 ho wont to the 
United States, wlfere he wcupied successively a number of 
offices, ultimately becoming Professor of Chemistry in the 
University of Virginia. He took part in the Civil War from 
1861 to 1865, but he never became naturalised as an American. 

He died in Charlottesville, Virginia, 7th Nov. 1912, 

[Obituary by Theodore W. Richards. Jnum, (Jhem. Soc,, 103, 
760 (1913).] 
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Edwaud Willumh Morli^y, Sc.D. (Yale), Professor-Emeri- 
tus in the Western Reserve Ijniversity, Cleveland, Ohio. 

Wilt, TAM Oi)ltn(i, M.A„ F.R.S,, Waynflete Professor of 
Chemistry in the University of Oxford. Retired 1912. 

Thkoi’HII.k .Ii'i.ks Pklouzk, born 26th February 1807 at 
Vuln^nes (Dop. La Miincbo). I’elonze began life in connection 
with jtharuvHcy, but having gained admission to Cay-Liissac's 
laboratory, he ilevotod himself exclusively to chemistry. In 
18110 he became fora time As.so<‘iate Professor to tlio Munici- 
pality of liille. Later he liecame Professor at the f^jcolo Poly* 
teehniipie. and in 18.'>0 succeeded Tlu'naid at the College do 
France. In 1818 he also becaiuo President of the Commission 
des Monnaiea, and carried out the ri'ctuning of tlio silver 
and copper. 

Ho died 3lst May ISoT. 

[Obituary, ('Imin. Nor., 21, xxv. (1868),] 

Alkxis TilfinfesK Pin it, born 2nd October 1791 at Vesoul, 
died 2l8t Juno 1820 in Paris. Student, and later Professor of 
Physics at the Ecole Polytechniijue, Paris. 

[ Poggondortrs Ilanihrortcrl>nch.\ 

William Proit, born 1785. M.D. of Edinburgh, 1811. 
Pliysician. Ho died in 1850. 

[nidi()m)~ii of National />’ie</ru^Jiy.] 


Alk.xandkr Scott, D.So. Kdin., F.R.S. From 1896 to 1912 
Superintendent of the Davy-Faraday Ijaboratory of the Royal 
Institution. 

Jkan Skrvais Stah was born at Louvaift on the 2l8t Aug. 
1813. He graduated as DiXitor of Medicine, but never practised. 
Having gained admissum to Dumas’ lalioratory in Paris, and 
with him woikeil on a number of organic compounds, he joined 
Dumas in redetermining the atomic weight of carlHin. In 1840 
Stas returned to Belgium to enter on the Professorship of 
Chemistry at the fx,*olo Royale Militaire. He afterwards held 
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for some time a position in the Belgium mint. He died on the 
nth December 1891. * 

[Stiis Memorial Lt'cturo. J. W. Mallet. Joum. dhem. ^V., 
63, I (1893).] 

Alkxandkr WiMJAM Wri.LiAMKON Wiis bom at WaJidsworth, 
Ist May 1821. In 1840 ho began the study of chemistry 
under Omelin at Heidelberg, but in 1844 ho wont to (riossen, 
where he remained two years, working chirfly with Liebig. 
In 1846 ho went to Paris, and studietl m.tlhomatics with Auguste 
Comto. In 1849 ho was appointed to succootl Fownes as Pro- 
fessor of I’ractical Chemistry in Pniviirsity College, Ivondon, 
and hero he prnilucod his memorable work on “ Ethenfication,” 
and other pap«uH on the “Constitution of Salts,” in which the 
idea of tho “ water type” was set foith. On (Iraharn’s retire- 
ment Williamson undertook the duties of the chair, which he 
retained till 1 887. He died at his house at Ilindhoad, 6th May 
1904. 

[Obituary hy 0 Caiey Ko.ster. -Journ. Sor., 87, 606 

a!inr.).i 
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[CHAP. 


CHAPTER IV 

NUMERICAL RELATIONS AMONtJ THE V'l'OMK^ WEIGHTS: 

CLASSIFICATION OF THE ELEMENTS 

It may bo inferred, from what has lieon stated in 
the preceding chapter, that the process of deter- 
mining an atomic weight resolves itself into two 
parts, namely, the exact determination of the con- 
hining proportion, <jr, as it was formerly called, the 
equivalent, and the multiplication of the cipiivalent 
by a factor, I, 2, 3, or 4, derived from the applica- 
tion of the law of Avogadro, the law of Dulong and 
Petit, or from some other consideration, according to 
the circumstances of the ciuse. 

A complete digest of all the determinations of 
modern t imes has been prepared by Professor F. W. 
(darko, and published jis a volume of the ‘ Constants 
of Nature,” by the Smithsonian Institution, Wash- 
ington (third edition 1910), and the numbers have 
been generally adopted by the International Com- 
mittee and issued annually in tables published by 
the English and German Chemical Societies. Some 
of these values are probably inexact, but they 
represent the best estimate which can be made in 
the present state of knowledge. 
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The hj^thesis put forward by Front early in the 
century has been a fruitful source of discussion, and 
even at the present day is regarded by some chemists 
tus hardly yet disposed of. Front supjKisi^d that the 
atomic weights of the clomcMts arc multiples by 
whole numbers of the atomic weight of hydrogen ; 
hut in consequence of the atomif* weight of chlorine, 
according to the experiments of many chemists, 
invariably coming out midway between df) and 
it is obvious (hat the principle thus expressed is 
untenable. (Consequently it wjis suggested, first, that 
the hypothesis might be moditied by making one 
half the atomic weight of hydrogen, and subse- 
quently one fourth the atomic weight of that element, 
the unit. Stas began his researches with a strong 
prepossession in favour of Front’s hypothesis, but 
the results of his protracted labours, by far the most 
trustworthy of all the systematic investigations of 
the subject which we pos.sess, oidy led him to regard 
it as improbable that any such relation among the 
atomic weights really subsists. 

A large part of the interest altacliing to this sub- 
ject arises from its association with the question as 
to the probable nature and origin of the chemical 
elements. On (he one hand, each of the elemen- 
tary bodies may represent a separate creation inde- 
pendent of ^11 the rest, and having nothing in 
common wdth them. On the other hand, supposing 
a relation can he traced between the masses of 
the atoms of which different elements are composed, 
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then it is open to inqi^ry whether they may not 
have had a common origin ; whether they may not 
represent several stages in a formative or evolutionary 
process, operating upon a primitive simple material ; 
and whether in that ca.se it may not be possible to 
translorrn one into another by the operation of 
agencies within the range of pra(iticable experiment. 
Some account of modem speculations on this subject 
will be given in a later chapter. 

It bad long beefi noticed, and specially pointed 
out by Doberciner in 1821), that when families of 
closely allied elements are e.xamined they are com- 
monly found to consist of three members, for ex- 
ample chlorine, bromine, iodine or sulphur, selenion, 
tellurium or lithium, sodium, potassium; and that 
in such cases the values of the atomic weights are 
so related that the middle term of the series is 
nearly the arithmetical mean of the two other 
terms. For example: 

Na 

2 2 

But no general discussion of the subject possessing 
much interest appeared until 1858, when Dumas 
published a most interesting Memo'ire mr les Equi- 
valents des Corps Simples} 

In this memoir Dumas drew attention to the 
analogy which may be recognised between series 
of closely related elements and the known series 
of compound radicles, .such as methyl, ethyl, propyl, 
* Ann. Chim. Phy$. [3], 66, 129. 
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&c., of which so many exany)lcs occur amon^ carhon 
compounds. Thus, regarding hydrogen as the first 
member of the series, and writing eipii valent (juantitics 
of the hydrocarbon radicles in suecc-ssion with their 


ining weights, we 1 

have - - 


Hydroj'en 

II 

1 

Motliyl 

(’ll. 

IT) 

Ethyl 

(Ml, 

‘20 

I’mpyl 

(',11- 

13 

Butyl 


07 

Aiuy! 


71 

Ac. 

Ac. 

Ac. 


Here it is obvious that in passing from term to 
term there is a common difrorence of I t units, and 
representing the value of the first term as a, and the 
difference as d, the value of any single term may be 
expressed by a-^nd. Hon(;e, on taking three terms 
at equal distances in the scries, it is found that the 
combining weight of the internusliate term is the 
arithmetical mean of the combining weights of the 
other two. For example, is equal to the sum of 
29 and 57 divided by 2. Dumas also drew atten- 
tion to the fact that in such a series combining 
proportions represented by such numbers as 141 
and 2S1, 127 and 253, .stand .so nearly in the 
relation of 1 to 2 that if they liolonged to substances 
supposed to be elementary, and not known to be 
compound, it would almost certainly be inferred 
that this actually represented the ratio of the one 
to the other. Relations very similar to these are 
traceable among the membere of the several recog- 
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nised natural families the elements, and Dumas 
was able, with the atomic weights accepted at that 
time, many of which had been corrected by his own 
experiments, to represent several series by formuhe 
of this kind. He further .showed that, on placing 
certain of these groups side by .side, a common 
difference ran through the successive terms of the 
parallel series. For example : 

Fliuirine, F . . 19 Nitrogun, N . . 14 

Ohlorino, Cl . . 3.')'r> Phosphorus, P . - 31 

Bi'oniino, llr . . HO Arsonic, As . . , 

luiliuo, r ... 127 Antimony, Sb . . 122 

Hero the differonee l)etwoen eacih term of the 
halogens and the corresponding member of the 
nitrogen series i.s, with one exception, exactly 5. 
Later determinations have, however, so modified 
tliese numbers that the difleronce is no longer 
constant throughout. The (piestion of the numerical 
relations among the atomic weights was not long 
suftered to remain at rest. Many writers had drawn 
attention to various ea.ses of individual or serial 
peculiarities, but so long as the atomic weights of 
the elements remained uncoordinated with a com- 
mon standard, it is obvious that no substantial 
progress could be made. We have seen in the last 
chapter how, by the recognition of the law of 
Avogadro and of the law of Dulong apd Petit, the 
atomic weights were ultimately systematised; and 
almost so soon as this was accomplished a very 
remarkable discovery was made, which ultimately 
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brought the whole of tho^ known elements within 
one comprehensive scheme. This scheme, which is 
usually incorrectly referred to as the “ periodic law,” 
is bjised u})on a principle which would more appro- 
priately receive that designation. The principle 
which is now generally recognised may bo expressed 
iis follows: If flu] or/ nrvanqi'd in the order 

of the 'uninerienl ndue of their ototnir weights, tludr 
properties, physieoX and chnnieal, genendly vanj in 
a rean'renl or periodic manner. 

Wc will now endeavour to trace tbe successive steps 
which have led up to this gencralit«ition. The exist* 
dice of triads of closely related elements, as already 
stated, had long been recognised; and an extension of 
this idea, recalling the properties of homologous series, 
had been discussed by Dumas, with results already de* 
scribed. But the various series of elements remained 
jis .separate .series, disconnected one from another.* 

In July 18G4 a piper was communicated to the 
Chemical News by Mr, John A. 11. Newlands, in which, 
in the course of discu.ssing certain supposed rcgidari- 
ties in the atomic weights of the elements, he drew 
up a list of all the then known elements in the order 

* A cliiim was pyt forward some* roars ago by Messieurs Lecoq 
do Boi8l)audranand Lap|)arent in favour of A. E. li. de Uhancourtois, 
for a share in t ho credit of having originated the idea of the i»eriodic 
relation of prop'jrtieft to atomic weights among the chemical ele- 
ments. In 1S62-63 M. de Cbancoartois, a geologist and engineer, 
presented a series of jjajiers to the French Acaddmie des Sciences, 
which were collected together in 1863 under one title, “ Le Vis 
Telluriqne, classement nature! de^ cor{)S simples uu radicaux obtenu 
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of the numerical value of their atomic weights, and 
in the month following he was led to announce, 
with reference to this table, the existence of a 
simple relation among the elements so arranged. 
Numbering the elements in order, hydrogen 1, 
lithium 2, glucinum 3, boron 4, and so on, ho pointed 
out that “ the eighth element, starting from a given 
one, was a sort of repetition of the first, or that 
elements belonging to the same group stood to each 
other in a relation similar to that between the ex- 
tremes of (inc or more octaves in music.” 

Almost immediately after this, namely, in October 
of the same year, an interesting paper appeared in 
the Quao'terty Journal of Scie/nce (vol. i. p. 042), by 
Dr. Odling, on “The Proportional Numbers of the 
Klomcnts,” in which he pointed to the marked con- 
tinuity in the arithmetical series, resulting from an 
arrangement of the whole of the then known ele- 
ments in the order of their atomic weights, or 
“proportional numbers,” lus he preferred to call 
them, the only exceptions to the very gradual in- 
crease in value of the consecutive terms being 

au niojen d’un Systdme do Clansification helicoidal ct numeriqne.” 
By coiling a helix with an angle of 4r)* round a cylinder divided 
vertically into sixteen equal parts by lines drawn from the circular 
base, the helix cuts these lines at equal distances in its ascent, and 
the points of intersection were supposed to represent the atomic 
weights of elements which differed from one another by 16, or 
multiples of 16. The author seems to have bad the idea that 
properties are in some way related to atomic weight, but this 
idea was so confused by fantastic notions of his own, that it is im- 
possible to bo sure that he really recognised anything like periodicity 
in this relation. 
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manifested between the numbers 40 and 50 (Ca 
and Ti), 65 and 75 (Zn and As), 9() and 104 
(Mo and HoX l.SH an<l 1.S4 (Ta and \V), 1H4 and 
11)5 (W and Nb), an<l 210 and 2lll'5„(Bi and Th).' 
In this pajuir ( Idling showo<l that this purely arith- 
meti(!al seriation may be made to agree with an 
arrangement of the elements iw-eordiiig to their 
generally recognised aftinities, and he drew up a 
table, of which the following is a revised version, 
published in Watts’ of Clo^mistry (vol. 

iii. p. })75), oidy a few months later: 








M.) 

90 

W 

1.S4 









Au 

190-5 







IM 

t<M;-5 

Pt, 

197 

L 

7 

Na 

25 




Ids 


_ 

(1 

<1 

Mg 

24 

Zn 

05 

Cd 

112 

Hk 

200 

B 

11 

A1 

27-.") 


-- 


— 

TI 

203 

C 

12 

Si 

2s 



Sn 

IIH 

Pb 

207 

N 

14 

P 

at 

A.S 

75 

8b 

122 

Bi 

210 

0 

1(5 

s 

32 

: Si‘ 

795 

Tc 

129 


— 

F 

19 

Cl 

a.v.'') 

1 


I 

127 





K 

39 

Hi) 

S5 

Ch 

1.5.5 





Ca 

40 

Sr 

H7-5 

Ba 

137 





Ti 

4S 

Zr 

H9 5 


_ 

Th 

231 



Cr 

52*5 


— 

V 

13S 





Mn 

55 

I 

~ 






Here manganese stands proxy for llio iron metals, 
and platinum and pallatlium for their respective 
congeners. • 

‘ Most of these; breaks are i»ow accounted fur by the existence of 
elements discov -red since that time, and with atomic weights 
approximately as follows, viz. Sc = 44. Oa-7e, and Ge = 72; the 
earth metals, La=:139, Ce=140, Praseodymium = Pr- 141, NeO' 
dymium = Nd= 144. Sm = 150, Tb- 159. Eb= IfiH, while Ta is now 
181, and Nb 94. 
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Towards the end of^Ahis paper, the author drew 
attention to the large number of instances in which 
the atomic weights of proximate elements differ 
from one another by 4S or 44, or 40 or IG, and 
remarks : “ We cannot help looking wistfully at the 
number 4 as embodying, somehow or other, the 
unit of a common difference.”^ From this it would 
appear that something analogous to the idea of homo- 
logy, which had attracted Dumas, was hovering in his 
mind. In conclusion, the pregnant observation occurs 
that “ among the members of every well-defined group, 
the sequence of properties and sequence of atomic 
weights arc strictly paralK)! to one another.” 

Tn Augu.st IHGo Mr. Newlands again wrote to the 
CheAiiical News (vol. xii. {>. 8,S), as follows : “ If the 
elements are arranged in the order of their equiva- 
lents, with a few slight transpositions, as in the 
accompanying table, it will be observed that elements 
belonging to the same group usually appear in the 
same horizontal line. 


No. 

No. 

No. 

No No. 

1 

No. , 


No 


No. 

H 

1 

K s 

Cl 15 

(’oA'Nl22lBr , 20 

Pd 3« 

I 

. 42 

Pt&IrSO 

LI 

2 

Nn 9 

K Irt 

Cn . 23 ' Kl* . :w 

Air 37 

(’H 

. 44 

TI 

. 53 

U 

■A 

>lK 10 

Oi 17 

/II . 2.5 ! Sr . :n 

V4 :tt 

R:i & V 45 

l*b 

. 64 

Ku 

4 

Al 11 

I T U» 

Y . 24 ! Ce & Lii 3.3 

U 40 

Til 

. 46 

Th 

. 50 

e 

5 

SI 12 1 

Ti IS 

III . 2t. 1 Zr . 32 

Sn 80 

W 

. 47 

Hi: 

. 52 

N 

0 

1* 13 1 

Mil 20 

As 27<IM&Mo34 

Sb 41 

Nb 

. 48 

HI 

. 55 

O 

7 


Fe 21 

S« . 2.S j Ro A 1111.3,5 

Te 4.3 

Au 


08 

. 51 


iVote.— When two eleraonts happen to have the .same equivalent, 
both are designated by the same number. , 


^ From the more exact valuej* for the atomic weights to be given 
later, it will be aeen that these differences are but roughly repre- 
sented by these whole numbers. 
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It will also be seen that the numbers of analogous 
elements generally dittbr either by 7 or by some 
multiple of 7 ; in other words, meirjbers of the same 
group stand to each other in the siiine relation tus 
the extremities of one or more oetaves in music. 
This relationship Newlands pntposed to call the 
" Law of Oetaves.” 

The following year the .same ('henii.st brought the 
relations which he had olxserved to the notice of 
the Chemical Society of London, and produced a 
table similar t(/ the above, with a few alterations, by 
which menairy was brought info the same line with 
cadmium, lead into the s^une line with tin. He also 
used atomic weights calculated on f 'annizzaro s sys- 
tem, .so far as known facts would permit. The time, 
however, bad not arrive<l for the general acceptance 
of ideas of this kind, obscured jis lluiy nece.s.sarily 
were by imperfect knowledge, both of atomic weights 
and of the inter-relations of tlie elements as to 
properties. The ('hemical Society in 1860 were dis- 
po.sed to laugh at Newlands and his “ law.” Twenty- 
one years later the Royal Society awarded him the 
Davy Medal for his discovery. 

Others, however, .soon took up (he question in 
a very .serious ^spirit, and with le.s.s of the hesita- 
tion which had characteri.scd the treatment of the 
subject up to this time. This aro.se concurrently 
with a feeling of greater confidence in the re- 
vised .system of atomic weights, which by the 
end of the decade 1860-70 were quite generally 
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adopted, at any rate in ^Kngland and Germany ; and 
probably out of this confidence was gradually de- 
veloped some idea that the relations already noticed 
did indeed correspond to some profouiid physical 
law relating to the nature of the elements. In 
March 1860, l*rofes.sor D. Mendeluefl’ communicated 
a paper to the Russian (’hemical Society,’ in which 
ho sot out an arrangement of the elements in a 
table having considenible resemblance to the table 
drawn U[) by Odling five years before. 


MkndklJSeff’s Tablr op the Elements, 18()9. 





'I’l - 50 

Zr - 00 

’ =180 




V - 51 

Nh - 01 

Til = 182 




<;r - 52 

Mo ^00 

W =180 




Mn ^ .55 

Hh -lai l 

Ft-- 197-4 




Fe ^ .50 

Ru -10‘1'4 

Ir =108 



Ni- 

Co ^ .59 

i*a -1000 

Os 100 

lul 



Cu - <■>:{ 1 

Ag =108 

Hg---200 

1 IJo i) 1 

Mg 21 

/» 05-2 

C(1 -112 


1 U -11 

A1 271 

(W 

Ur =110 

An = 107’ 


Hi .-.i*S 

‘1 .z 70 

Sti =118 


I N -11 

!• 

Ah 75 

Sh =122 

' Ri =210 

1 0 r-lC, 

S -H2 

He 79-4 

To =128’ 


i K ^111 

n -STr.') 

Br ^ 80 

1 =127 


L...7 

Na^-23 

K 1 

Kb - a5-4 

C.H 

T1 =204 

j 

Va 10 

Sr - 87-0 

liii -1:17 

Pb=207 


? in : 

Ce ^ 02 



1 

1 

L'l 04 



i 

1 «Yt -00 1 

Dl r- 05 

1 


1 

Mri *7no! 

Th -118’ 

1 



In commenting upon this table Uie Gorman ab- 
stract,’ which is alone accessible to English, and 
presumably also to most German readers, repre- 
sents the author’s view by the following words: 
“ 1. Die nach der Grbsse des Atomgewichts geord- 

* ZnlMchrift fur Chanie, 1869, p. 406. 
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neten Elemente zoigen eine Stufenweise Abiinderung 
in den Eigenschafton.” This appears to conUiin an 
iinjwrtant error of translation, for Mendolc'eff, in 
a coninumication made to the Merlin (,'hcniical 
Society ‘ upon the history of the (jnestion, explains 
in a footnote that the word which in the Hnssian 
original means has been rendered slufrn- 

weine (gradual, or by degrees). It must, however, he 
remarked that the table does not so obviously sug- 
gest p(‘riodieity of properties in tin* (‘lements so 
arranged, as does New lands’ earli<'r, though con- 
fessedly imperfect, attem[)t. 

In this paper Mendeha'lf j)ointed out. that the 
discovery and properties ol elements then unknown, 
jis for example analogues of .silicon and aluminium, 
might he predicted ; and further expres.sed the con- 
viction that such a system might he applied to the 
correction of atomic wxdghts, citing as an example 
the ca.se of tellurium, which, ac(;ording to this view, 
ought to have* an atomic wc'ight smaller than that 
of iodine. 

In December hShf), hotliar Meyer, then professor 
in the rolytechniciim at < arlsrula!, contributed a 
paper to Liebig’s A 7/au/ca, "entitled “ l)i(( Natur dcr 
Cdiemischen Elemente als Function ihrer Atom- 
gewichte,” in which, after giving a tahlo of elements, 
with their atomic weights, which he described as 
subsUintially identiad with that of Mendclecft' he 

* Bcrichte der Deutich, Chem. Gen., 4, 351 {1H71). 

* Supplement, vi. and vii., 1870, p. 354. 
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pointed out that from tjie table it may be deduced 
that the propertie*s of the elements are generally 
a periodic function of the atomic weight. This obser- 
vation seems to show that the periodicity did not 
become apparent to Meyer, at any rate, till the table 
of Mendeleelf had been subjected to the modifications 
intro(lu(X)(l l)y Meyer, and shown below: 


I. 

11 


I 

V. 

V. 


VII. MU. 

T.\. 


H 

ll 

Al 

... 





Mil 113 4 ; 

Tl 202*' 


(’ 

12 

SI 

2H 

Ti 

4M 


Zr 89 7 

Sn 117 8 

Pb *200*. 


N 

H 

1* 

3<MI 



As 74 9 


.Sb 12*2*1 

Hi *207*1 






V 

.'ll 2 


Nb 93 7 

' Til l.S‘2 2 



(1 

10 

s 

32 

Cr 

52-4 

So 78 

Mo 95 0 

To 128*' 

W 183 fi 



K 

U) 1 

Cl 

3.') 1 



Br 79 7f) 


I 1*26 .1 







Mil M 8 


Uil 103 5 

Os 198*6’ 







Ke 

:>(, 9 


1 Uh 104*1 

Ir 190*7 






(’<» 

N1 

'80 


! IM 100 2 

Pt 190*7 


LI 7 0 

Na 

22-1) 

K 

3'.) 



Kb 8.7 2 


l'» 132 7 







Cn 

03-3 


j AfC 107*7 

All 19*2*2 


?B« 9 3 

Mr 

23 -9 

Ca 

39 -0 



Sr 87 

Ba 130 .s 






Zn 

(U 9 


|ca 111*0 

I llK 199*8 



Obviously in this scheme the same or similar 
properties recur when the atomic weight is increased 
by a certain amount, which is first !(>, then about 
46, and afterwards amounts to 88 to 92 units. 
This had been noticed by Odling uthI others pre- 
viously, but Meyer got a step further when ho 

pointed out [loc. cit, p. 888) that , the combining 
capacity of the atoms rises and falls regularly and 
equally in two such series as the following : 

Univalent. IHv. Triv. Quadriv. Trlv. Blv. Unlv. 

Li Be B C N 0 F 

Na Mg A1 Si PS Cl 
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A complete and triumphant vindication of the 
principle of periodicity is provided by the graphic 
representation of the relation of atomic volume to 
atomic weight, drawn up for the first time by Meyer 
at the end of this paper. The diagram he gave, and 
of which a portion is reproduced on the opposite 
page, sp(?aks for itself. 

It is evident, th(‘u, that the <imceplioii ot the 
periodic; relation gradually and independently took 
shape in the mind of more' than one chemist during 
the period wo have had under review. Jhit it would 
he oidy just to point out that a depth of conviction, 
w’hich almost amounts to inspiration, carried Men- 
deleeff further in the study and application of the 
principle than any of his predecessors or eontemi)o- 
raries. In August IH71 ho drew up a complete 
exposition ^ of the princijdc, which he henceforth 
calls the pvriotlu' aixl of the deductions which 
may be made from it. And here for the first time 
appeared the table which, in some form or other, is 
now (0 be found in the pages of nearly every text- 
book of theoretical chc'inistry, and which is now 
employed .‘us the most generally received basis of 
classificiilion of the elements. The table is repro- 
duced in this original form in order to show how 
great an advance it represents in the dcvcloj)ment 
of the fundamental idea. 

In connection with the discussion of this scheme, 
MendeloefTs most brilliant achievement was its appli- 
* AnnaUn, Supplem., viii. p. 133 (1872). 
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cation to the prediction of the properties of elements 
yet to be discovered. “When,” ho says, in one of 
the characteristic footnotes in his Principles of 
Chemistry (vol. ii. p. 25), “in 1871 I wrote a paper 
on the application of tho periodic law to the determi- 
nation of tho properties of yet undiscovered elements, 
I did not think I should live to .see the verification 
of this con.scqucnce of tho law, but such was to be 
tho case. Three elements were described, eka-boron, 
eka-aluminium, and eka-.silicon ; and now, after the 
lapse of twenty years, I have had tho greiit pleasure 
of .seeing them discovered and named after those 
countries where tho rare minerals containing them 
are found, and where they were di.s(!overcd - Gallia, 
Scandinavia, and Germany.” Mondelecff’s eka-horon 
wjis called hy Nilson, its di.scovcrer, Scandium ; the 
representative of eka-alumi?uuin was di.scovcrcd in 
the zinc-hloTido of the Pyreriees by Leccxj do Bois- 
haudran in 187.5, and named Gallium, while a new 
silver ore at Freiberg yielded, in the hands of 
Clemons Winkler, a new mcUil, which ho recog- 
nised as tho representative of cka-silicon, and to 
which ho patriotically gave the name Germanium. 

The process which led MendeldefF to this remark- 
able result consists, naturally, in the careful study 
of the properties, not only of the series in which the 
unoccupied place occurred, but also of the proper- 
ties of the neighbouring serie.s, and of their mutual 
relations. A few fivets may be given to show the 
nature of the conclusions to which ho was led in one 
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case, and the extent tfi which they were afterwards 
justified. 

To eka-silicon Mendeleeff assigned, in 1871, the 
atomic weight 72. Ho described it as a difficultly 
fusible, dark grey, metallic substance, which in the 
state of powder would pass at a red heat into the 
difficultly fusible oxide EsO.,. The specific gravity 
of the oxide would bo about 4 7, and similar in 
appearance, perhaps in crystalline form, to titanic 
oxide. The metal would act on steam only with 
difficulty, and on acids slightly, though more easily 
on alkalis, while the oxide would display more 
decided acidifying power than titanic oxide. The 
fluoride, EsF<, would be volatile, but not gaseous at 
common temperatures. The chloride, EsCl^, would 
bo a volatile liquid, boiling at a temperature about 
100®, probably somewhat lower; and there would 
bo a telrethide, E.sEtj, with a boiling point about 
1 () 0 °. 

Germanium is described as a greyish white, 
lustrous, very brittle metal, which melts at about 
900®, and crystallises in regular octahedrons on 
cooling. It is unchanged in air at ordinary tem- 
peratures, but is oxidised when heated in a state 
of powder. It dissolves in sulphuric acid, but 
not in hydrochloric acid. The oxide, GeOg, is a 
dense white powder of specific gravity 4 7, slightly 
soluble in water, producing a solution which has a 
sour taste. The oxide dissolves readily in alkalis. 
The fluoride is a volatile substance, probably solid. 
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The chloride, GeCl*, is a 'jolourless liquid, which 
boils at 86°, and tho tetrethido, GeEt^, is a liquid 
which boils at 160°. The atomic weight of ger- 
manium is 71-93 when H — 1. 

That the periodic system of tho elements stands 
for something which is actually btised on natural 
physical relations, no one can now ho supposed to 
doubt. It brings into view a number of facts in 
tho chemical hi.story of the elements which would 
otherwi.se he le.ss apparent, and it does undoubtedly 
support very strongly the idea that all tho elements 
included in Mendcloctfs and Meyer's .synop.sis belong 
to one system of things, and perhaps have common 
constituents, or may have arisen from o common 
origin. Ncvcrthele.ss, such a synop.sis is encumbered 
with some difficulties, wdiich have not yet been satis- 
factorily accounted for. The fundamental idea of 
tho .scheme is (ho periodic “law',” which a.s.scrts that 
the propertie.s of tho elements are dependent upon 
their atomic weights. If that were strictly true, 
tho existence of two elements having the same 
atomic weight, but <Iiffercnt properties, would bo 
impo.ssible. Hence the relations of such elements 
as cobalt and nickel, ruthenium and rhodium, are 
far from clear Jn the original table. And even 
if we substitute for the round numbers used by 
Mendeleeff in 1871 the values for the atomic weight 
which result from all the best recorded experiments, 
so that these coincidences cease to be exact, the 
difficulty still remains that several elementa—iron, 
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nickel, cobalt, ruth^ium, rhodium, palladium, 
osmium, iridium, platinum — are not provided for. 
In some cases the peculiarities of individual elements, 
and their relations to others, could never have been 
suspected from their position in the table. The 
case of thallium is one of the most notable. This 
metal has a very strong resemblance to load, but its 
sulphate, and several other salts, are entirely unlike 
the corresponding compounds of load, but, on the 
other hand, agree closely in characters with the 
compounds of the alkali metals. Lead itself stands 
in a similar relation to the metals of the alkaline 
earths. The positions of thallium and lead in the 
table would scarcely have suggested these characters, 
if these two elements had been previously unknown. 
Helium, argon, and the rest difter from all other 
known substances, elementary or compound, in their 
extraordinary characteristic of chemical inactivity, 
of which no prognostication is to be found in the 
almost innumerable memoirs relating to the atomic 
weights of the elements published previously to the 
discovery of argon. It must of couise be remem- 
bered, however, that since the discovery of argon 
and helium, the gases of the atmosphere and those 
obUiined from minerals have bepn submitted by 
Ramsay to a special search, with the object of dis- 
covering other clemenLs of intermediate and higher 
atomic weight, and his labour has been rewarded by 
the recognition of neon, krypton, and xenon, as 
already mentioned. But the endeavour to introduce 
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these new substances into thjo |x:Tiodic scheme has 
been but imperfectly successful; for such arrange- 
ments as the figure of eight proposed by Crookes* 
involve some violence to natural associations, hydro- 
gen, for example, being separated from all the metals, 
and made the first member of a group in which the 
halogens follow. 

Several other ways of displaying graphically the 
relations among the atomic weights have been pro- 
posed, and of those one of the most interesting is the 
logarithmic spiral of Johnstone Stoney, of which a 
now version was produced after the discovery of the 
argon group. 

Another point is worthy of notice in a discussion 
of these figures. The numerical amount of the 
differences observable between elements which are 
consecutive in the list vary very much. The smallest 
difference appears to lie between nickel and cobalt, 
and to be equal to about 0’29 ; while there arc many 
cjises where the difference amounts to between 4 
and 5 units or more, as, for example, Cu — (jo-4'6, 
Sn~In — 4'2, Cs — 1 — 5’89. The point, however, is 
that the transition from the even to the odd series, 
as, for example, from fluorine to sodium, or from 
chlorine to pota<isium, or from bromine to rubidium, 
is not marked by a difference noticeably greater, or 
less, than is observable in many other parts of the 

» Proc. fioy. .Vrx- , G3. 40S (1898). 

* Phil. Mag.[G], 4.41! (1902). Aho Proc. Roy. .S'or.. 85, 471 (1911), 
with reniarke by Lord Rayh igb. 
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list of elements. Thoiiiinth series in Menclel^eff s 

4 

table has been filled up by some of the elements 
derived from the so-called Swedish or rare earths. 
The atomic weights of some of these have been 
determined with sufficient show of probability to 
allow of their finding provi.sional places in the table. 
Among those may bo mentioned pnxseodymium 
140’6, neodymium 144-3, samarium 150*4, gadolin- 
ium 157-3, terbium 159*2, erbium 1G7-7, thulium 
168-5, ytterbium 172. But the position of these ele- 
ments in the scheme is still a .subject of debate and 
a source of difficulty in the attempt to apply rigidly 
the principle of periodicity. 

From all that has gone before, it may readily be 
supposed that many speculations have been put 
forward as to the origin of the elements, or in ex- 
planation of their assumed complex nature. Of 
these, one of the most serious, though by no means 
the earliest, is embodied in a paper communicated 
to the British Association by the late Professor 
Camolloy.^ It is typical of a whole group of these 
speculative compositions, but is more carefully worked 
out than many of the rest. The author proceeds 
upon the assumption of at least two primal elements, 
A and B, which, by their combin^ition in various 
proportions, gave masses approximately equal to the 
atomic weights of the known elements, which are 

^ “Suggestions as to the cause of the Periodic Law and the 
Nature of the Chemical Rleincnts."— J.Mocianon, 1886; 
Chemical AVic*, 1886. 
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regarded as analogous to hydrocarbon radicles : but 
even this scheme, attractive as it is on the whole, 
requires us to assume for B a negative weight equal 
to something between — 199 and — 2 00. It can- 
not be forgotten that a somewhat similar device 
was the last refuge of the declining theory of phlo- 
giston more than a century ago. 

There seems to bo a general disposition at the 
present time to revive and rehabilitate the ancient 
notion of the unity of matter, and its derivation 
from a common prothyl {trp&rrj, first; vXr), stuff or 
matter). 

All things the world which fill 

Of but one stuff are spun.” 

This idea has been made the text of an interesting 
address by Sir William Crookes, on the ” Genesis of 
the Chemical Elements.”^ It has also for many 
years been the guiding principle of a series of re- 
searches, by Sir Norman Lockycr, on the spectro- 
scopy of the sun and stars. According to Lockyer, 
the elements, as known to terrestrial chemistry, are 
more or less completely dissociated into substances 
of simpler constitution at the higli temperatures 
prevailing in these bodies and their gaseous atmos- 
pheres. It seeins fully established that the greater 
number of the lines exhibited by the spectra of 
common metals, such as iron, calcium, manganese, 
are wanting in the spectra of the hotter stars ; while 
a small number of such lines remain, accompanied 

1 British Association Reports, 1886. 
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by other lines not reco^isable as belonging to any 
known terrestrial element. And when the spectra 
of certain stars are ranged in the order of what is 
supposed to bo ascending temperature in the series 
of stars, there is a progressive disappearance of the 
old, and appearance of the now lines, corresponding 
to this progressive dissociation. Some experimental 
evidence is needed that dissociation of the elements 
does actually occur at the high temperatures now 
obtainable under laboratory conditions. 

The association of the ultimate particles of 
prothyl must bo supposed to bo accomplished by 
a process comparable with that which in ordinary 
chemistry is called “polymerisation,” This implies 
the association together of a number of particles, 
elementary or compound, into groups. No con- 
sideration, based on the extreme minuteness of 
atoms, ^ need deter us from admitting such a concep- 
tion, because, after all, wliat wo call size, great or 
small, is relative only to the range of human measure- 
ments. The discoveries made within recent years by 
Sir J. J. Thomson and his school, to be described in 
a later chapter, have thrown an entirely new light on 
the structure of atoms ; and it seems that the Bos- 

‘ The estimate of Lord Kelvin, though familiar, may be recalled 
to the recollection of the reader ; •' Imagine a globe of water, or 
glaaa, as large as a football (or say a globe of 16 centimetres dia- 
meter), to be magnified up to the size of the earth, each constituent 
molecule being magnified in the same proportion. The magnified 
structure would be more coarse-grained than a heap of small shot, 
but probably less coarse-grainetl than a heap of footballs.”— Lecture 
at Royal Intt., Feb. 1883. 
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covichian doctrine of centres, of force, and the theory 
of vortices, which we owe to liord Kelvin, as well as 
the Newtonian idea of “massy hard, impenetrable 
movable particles,” must all be abandoned as incon- 
sistent with facts now fully established by experi- 
ment. 

In such a position it is the duty Jind the best in- 
terest of the chemist to preserve a perfectly unbijissed 
mind, and to pursue the safe path of experimental 
inquiry. 

At the same time he may still retain the view that 
although atoms of all kinds have been shown to bo 
capable of disintegration under the stress of electrical 
forces, the unit of chemical reaction, that is the 
chemical atom, has not at present been found to bo 
assailable. In all ordinary chemical changes, the 
atoms of which the dimensions and relations have 
been determined by the methods already deseribed, 
do pass from one compound to another and roUiin 
their independence, and of this the great field of 
stereo-chemistry (Chap. VII) seems to afibrd sufficient 
and conclusive testimony. 


BIOGRAPHICAL NOTES 

Thomas Carnklley, born in Munchoster, 22n(l October 
1854. Dalton Chemical Scholar at Owens Oollefje. He con- 
tinued the study of chemistry at Bonn under Kekulc, Zincke, 
and Wallach. Having been first Professor of Chemistry at 
Firth College, Sheffield, in 1S8‘2 he passed Vj Dundee Univer- 
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sity College. In 1888 he ^was appointed to the Chair of 
Chemistry in the Universit/of Aberdeen. 

Ho died 27th August 1890, at the early age of thirty-six. 

[Obituary, Joimi. Chem. Soc., 59, 456 (1891).] 

Johann Wolfoanq Doijereiner, born 15th December 1780. 
A pharmaceutical and chemical manufacturer ; became in 1810 
Professor of Chemistry, Pharmacy, and Technology in the 
University of Jena. Died 24th March 1849. 

[Poggendorlfs IlandworlerlMcK] 

Lord Kelvin (William Thomson), Ist Baron, born in Bel- 
•fast, 26th June 1824. He entered the University of Glasgow 
in 1834, and Cambridge in 1841. He was appointed professor 
of Natural Philosophy at Glasgow in 1 846. He laid the first 
Atlantic cables in 1857-58, and the permanent Atlantic cables 
in 1866. Knighted 1866. Created a peer of Great Britain as 
Baron Kelvin of Largs in 1892. He retired from the professor- 
ship in 1899. Ho died 17th December 1907, and was buried in 
Westminster Abbey. 

[Obituary notice by Sir Joseph Larmor, Proc. Roy. Soc., 
vol. 81a, Appendix, 1908.] 

Dmitri Ivanovitsch Mendel^eff was born at Tobolsk in 
Siberia on 9th February 1834. W’ith much difficulty he ob- 
tained his education in St. Petersburg, and devoted himself to 
the physical sciences. In 1856 ho was appointed privat-docent in 
the University, but in 1869 he studied under Regnaultin Paris, 
and afterwards in Heidelberg. Returning two years later to 
St. Petersburg, ho was appointed Professor of Chemistry in 
the Technological Institute. In 1866 he became Professor of 
General Chemistry in the University. His career was more 
than once interrupted in consequence of political disturbances, 
but he was an active experimenter, and his^name is associated 
not only with the periodic law,” but with valuable estimations 
of the density of mixtures of alcohol and water and of various 
aqueous solutions. He also gave attention to the nature and 
origin of petroleum. His Principles of Chemistry, containing a 
development of his views, has been translated into English. 

Ho died 2nd February 1907. 
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[Mendeleeff Memorial Lecture W. A. Tilden. Joum. 
CTim.Noc., 95, 126(1909).] * 


Julius Loth vh Mkykr was born 19tli August 1830 at Varel 
on the Jade ('Oldenburg). In 1851 ho began the study of 
medicine at Zurich, and two years later removed to Wurtz- 
burg, where he graduated M.D. in 1854. Having, however, 
decided to pursue the scientific side of physiology, he proceeded 
to Heidelberg, and under Bunsen investigated the “ Gases of 
the Blood.” After a year and a half devoted to the study of 
mathematical physics at Konigsberg, ho became •primt-docent 
in the University of Breslau. At tins time he wrote his well- 
known Modcrnen 7'heonen der Chemu,. In 1866 he became a 
teacher in the school of forestry at Neustadt-Eberswalde, and 
in 1 868 was appointed Professor at the Carlsruhe Polytechnicum. 
In 1876 he succeeded Fittig in the Chair of Chemistry in the 
University of Tubingen. 

He died on the 11th April 1895. 

[Lothar Meyer Memorial Lecture. P. P. Bedson. .hum. 
Chaiu Soc., 69, 1403 (1896).] 

John Alkiandkr Rkina Nkwlands was born in Southwark, 
1837. Ho entered as a student at the Royal College of Chem- 
istry in 1856. He then became assistant to Way, chemist to 
the Royal Agricultural Society. In 1860 he wont as a volunteer 
under Garibaldi in the war of liberation in Italy, and after the 
conclusion of the campaign ho began practice as a consulting 
chemist in the city of London. 

He died 29th July 1898. 

[Obituary notice. W. A. T., Nature, 25th August 1898.] 

Gkorgk Johnstone Stoney, born Ibth Feb. 1826. After 
graduating at Trinity College, Dublin, he became for a time 
assistant in Lord Ross’s observatory at Parsonstown. In 1852 
he was appointed Professor of Natural Philosophy in the 
Queen’s University (Galway College), and from 1867 to 1892 
was Secretary of the same. 

He died in London on 5th July 1911. 

[Obituary by J. Joly, Proc. Roy, ike., 86, xx. (1912).] 
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Joseph John Thomson, ]Kt., O.M., PMI.S., Cavendish Pro- 
fessor of Exporimontal I'liysics, Cambridge ; Professor of 
Physics at the Royal Institution, London. 

Clemens Alexander Winki-kr, born 2()th December 1838 
at Freiberg (Saxony). He graduated Ph.D. at Leipzig in 18G4. 
In 1873 he was appointed Professor of Chemistry in the Royal 
School of Mines at Freiberg. Retired 1902. He died at 
Dresden, October 1904. He introduced the synthetical process 
for manufacturing fuming sulphuric acid in IHTf), and in 1886 
he discovered germanium. 

[Obituary by 0 Brnnck, lln., 39, 1191 (1907).] 
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CHAPTER V 

ORIGIN AND DEVELOPMENT OF THE IDEAS OF 
VALENCY AND THE LINKING OF ATOMS 

It has already been explained in Chapter III that 
the discovery by Dumas of the fact that chlorine 
may be introduced into organic compounds in 
exchange for hydrogen, equivalent for equivalent, 
led to very important changes in the ihen current 
ideas of chemical combination. Up to that time the 
electro-chemical theory of Berzelius (p. 11 ) had been 
almost entirely predominant, and, naturally, the 
notion that an electro-negative clement like chlorine 
could bo exchanged for an electro-positive element 
such as hydrogen, without fundamentally altering 
the characters of the resulting compound, was com- 
pletely at variance with the canons of that theory. 
But facts remain, while theories mu.st be left cither 
to l>e adapted to the new state of knowledge, or to 
be abandoned altogether. In this c4isc the theory 
has been modified, but even to the present day the 
interchange of negative chlorine and positive hydro- 
gen is a phenomenon which still affords room for 
speculation. 

One important consequence of the establishment 

141 
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of the facts of substijtution was the inception of 
the idea of types, a tJieory which, as remarked hy 
Williamson many years Ijiter, was “the vehicle of 
many an important discovery,” and led to profound 
changes in the way of regarding chemical combina- 
tion. A most instructive review of the whole posi- 
tion was given by Dumas himself in 1840.^ He then 
stated clearly that compounds which contain the 
same number of equivalents united in the same 
manner, and which exhibit the same fundamental 
chemical properties, belong to the mim chemical 
type. 

This view, though opposed by Berzelius, and at 
first by Liebig, wjus afterwards supported by the 
latter, who cited as analogous the case of chlorine 
and manganese, which were known in perchlorates 
and pernijuiganatcs to ho capable of replacing each 
other without altering the (irystalline form of the 
Siilt, adding that “ a reciprocal substitution of simple 
or compound bodies, acting in the same way as 
isomorphous bodies, must bo regarded as a veritable 
law of nature.” 

Dumas’ theory of types, then, expressly recognised 
the idea of arrawjement among the constituent par- 
ticles united together in a compound, and he saw, 
and stated clearly, the distinction between the older 
Berzelian system, which attributed to the nature of 
the elements concerned the principal share in deter- 

' “ Memoir*) aur la loi des subatitutions et la thdurie dea types" 
(CompL Rend., 10, 140). 
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mining the nature of the cqpipound, and the newer 
doctrine, according to which the number and ar- 
rangement of the atoms (or equivalents, as he called 
them) played the most important part. Dumas, 
however, does not seem to have perceived so clearly 
that chemical combination in organic compounds, 
that is, in compounds of carbon, is governed by the 
same laws as inorganic compounds; jind save for the 
use which bo made of the analogy derived from 
isomorphism, he did not bridge over the gulf wbieb 
then separated organic from inorganic chemistry. 
Hence, while he spoke of alcohol, aldebyd, acetic 
acid jis representing different types, these were not 
referred by him to substances of a simpler constitu- 
tion, such as were afterwards employed in the famous 
system of Gerhard t. 

The word “radical” or “radicle” Iwis long held 
a place in the language of chemistry, but very 
different meanings have at different times been 
attached to it. Dismissing as unimportant the use 
which was made of this word by Lavoisier, and 
afterwards by Berzelius, we must not omit to recall 
the fact that in 1832 it received a very definite 
application in consequence of the discoveries of 
Liebig and Wohler. In that year^ the two great 
German chemists showed that bitter almond oil, 
benzoic acid, and many substances derived from 
them, might all be represented jus compounds 

• “ Untereaebangen uber das Radical der Bentoesaure” {lAehvJ't 
AnnaLen, iii. 249). 
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of one and the same radicle, benzoyl, (^==6, 

0=8), thus: 


Hydride of benzoyl , 
(bitter almond oil). 
Oxide of benzoyl . 

(benzoic anhydride). 
Hydrated oxide of benzoyl 
(benzoic acid). 
Chloride of benzoyl 
Hydrate of benzoyl 
(benzoic alcohol). 


. c,4HAh 
. C.^HAO 
. C„HA0, HO 
. CiAoO.ci 

. c„haho 


Henceforward it became the object of many 
chemical investigations to separate and isolate com- 
pounds of this kind, which seemed to play the part 
of elements, and the recognition of which served as 
the biusis for the definition by Liebig and Dumas of 
organic chemistry as the chemi.^frj/ of compound 
radidcK, while inorganic chemistry was the chemistry 
of elementary or simple bodies. One of the most 
noUblo discoveries resulting from such investigations 
was the discovery of ethyl by Frankland in 1848. 
This subsUincc was obtained by the action of zinc 
upon ethyl iodide, from which compound it was 
originally supposed that the metal simply withdrew 
the iodine, setting the ethyl free. The gas thus 
obtained was for some years supposed to be the true 
radicle of ether and alcohol, which were respectively 
considered to be its oxide and hydrated oxide : 

Ethyl . . . CA (G-r>) 

Ether . . . C^AO (0=8) 

Alcohol , . . C^H.OHO 
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It turned out, however, that this compound really 
contains in the molecule douftle these proportions of 
carbon and hydrogen, and is therefore more cor- 
rectly expressed by the formula or f 

(C=6, 0=8.) 

A corresponding revision awaitcil many others of 
the isolable radicles, so soon as the law of Avogadro 
came to be applied to the adjustment of molecular 
weights. Cyanogen, for example, was not simply 
CgN, but (CgN).,. Kakodyl, in like manner, dis- 
covered by Bunsen in 1839, affords another example 
of a well-defined radicle, which, by union with 
oxygen, sulphur, and the halogens, affords a long 
series of compounds. At first, and for many years, 
represented as (Cj,H 3 ). 2 As, that is, as arsenious 
methide, containing two equivalents of methyl, it 
was afterwards proved to have double that mole- 
cular weight. 

Gradually, then, it began to be recognised that a 
“ radical ’’ was nothing more than a group of symbols 
which represented a constituent common to a series 
of compounds, but not nece.ssarily capable of existence 
in the free or isolated state. In place of “ radical ” 
Gerhardt introduced the word reMne, defining its 
application to those portions of a compound which can 
bo transferred to another compound by the process of 
double decomposition or exchange, and which are not 
necessarily capable of being isolated. Accordingly, 
H, Cl, or HOj would be entitled to rank as a rwlical or 
residue equally with groups .such as benzoyl, 
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The classification known carbon compounds, 
which in a few years had become very numerous, 
was now a matter of urgent necessity. A system 
based upon the recognition of radicles like methyl, 
ethyl, benzoyl, &c., had been attempted by Liebig, 
but without full success, partly because the relations 
of many of the newly discovered compounds were 
obscure, and partly because each series was inde- 
pendent and isolated from all others. 

The existence of a relation among the successive 
members of the scries of alcohols was first pointed 
out by Schiel in 1842, and a corresponding rela- 
tion having been detected by Dumas among the 
fatty acids, Gerhardt called them “homologous” 
scries. Such a series includes compounds of the 
same chemical character, the successive terms of 
which increase by an addition of (C=6) or 
OH .2 (C/ — 12), this addition being attended by cor- 
responding rise in the density, boiling point, and, 
frequently, in the melting point. The arrangement 
of carbon compounds in homologous series is one 
which hjus stood the test of time, but at the period 
now referred to few such series were known, and 
these usually imperfectly. 

A remarkable effort to bring some system into 
the chaos then existing wius made by Auguste 
Laurent, whoso views were first embodied in a 
menwir published in 1844,' but afterwards in a 
more elaborate and extended form in a -volume 

* “ Classification Cbimique " {Cmapt. Rend., 19, 1089). 
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which appeared in English ^only after his death.^ 
In this system Laurent supposed every organic 
compound to contain a nucleus composed usually of 
carbon and hydrogen, and from this fundamonUil 
nucleus derived nuclei could bo formed by substitu- 
tion. Thus upon the nucleus, C^H^, called etherene, 
acetic acid, 04!!^ +04, was formed, and from the 
derived nucleus chloretherene, C4(H3C1), chloracetic 
acid, C\H3C1+04, was formed. Laurent represented 
all organic compounds as containing an even num- 
ber of atoms, and hence was led to employ for many 
compounds formube which were the double of those 
commonly received. The nucleus theory, though in 
reality a sort of extension of the theory of radicles, 
was practically of little use, and was adopted as the 
basis of classification of organic compounds only 
in one notable book, namely, in Gmclin’s well- 
known and comprehensive Handbook of Organic 
Cfiemistry. The writings of Laurent, however, 
must have had a great influeiKJO upon the chemical 
thought of his day, and even now there are pages 
in his “Chemical Method” which afford refreshing 
and instructive reading. 

But though the theory of nuclei did not provide 
the system of , classification so urgently needed, 
especially for organic compound.s, it happened fortu- 
nately for the progress of science that the young 
Laurent became associated with a .still younger col- 

* Translated by Odling, 1855 (PuJtlicaiimt of the Cavendiih 
Society), under the title “ Chemical Method." 
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league, Charles Gerhar^t, who joined him in opposi- 
tion to the dualistic system of Berzelius. Gerhardt’s 
scientific career may be said to have begun when in 
1842, at the age of about twenty-six, he published 
an important series of papers on the chissification of 
organic substances.^ Here he examined the founda- 
tion of the system of equivalents then in use, and 
showed how a great simplification might be effected, 
while reducing the whole system of formuhe to a 
common standard, as already explained (Chap. III). 
Laurent finally adopted Gerhardt’s system of for- 
mula', and made use of it in his “ Chemical Method.” 
According to this system the formida of each sub- 
stance represents that quantity of it which, in the 
sUte of vapour, would occupy two volumes, the unit 
volume being the space occupied by one part by 
weight of hydrogen gas at standard temperature and 
pressure. Hence, the formuhe of the compounds 
HCl, H.p, NHg, COg, C.^HyO, &c., represent two 
volumes, while to express the same bulk of the 
elements and radicles H, Cl, C.^H 5 , CN, tfec., these 
atomic symbols must bo doubled thus : 

HH or H,„ ClCl or Cl.j, (^,11,0,11^, or (CAh).,, CNCN or (CNlj. 

The problem involved in the, cbissification of 
organiic compounds was not, however, yet solved. 
It required a better knowledge of the relations and 
properties of many compounds, which was only to 

* “ Ueber die Chemische Classification der Organischen Sub- 
Btantcn” (Erdmann's Jour.f. PraH. Chemie, 1843-4:1). 
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be obtained by further expeynientiil investigations. 
To these Laurent and Gerhardt both contributed 
their full share; Lfiifrent more especially by his 
work on the hydrocarbon naphthalene, and the 
numerous derivatives formed from it and from other 
compounds by the action of chlorine; Gerhardt by 
his discovery, though much later, of secondary and 
tertiary amides, and of the anhydrides of acetic and 
other acids. 

The next important step appears to have been 
taken when in 1849 Wurtz,' in .studying the action 
of potash on cyanic and cyanuric ethers, was led to 
the discovery of the compound annnonia.s. 

Many vegetable matters which po.ssess strong 
physiological properties have long been known to 
owe their activity to the prc.sencc of definite crys- 
talline or volatile liquid sub.stancc.s, which have the 
property, in common with ammonia, of combining 
with acids to form .salts. Thus opium contains 
morphine and other similar compounds, nux-vomica 
contains strychnine, cinchona bark quinine, while 
tobacco yields nicotine. In comsequonce of this 
basic property these active sub.sti\nccs were long 
ago called alkaloids. So far back as 1887, Berzelius, 
applying to these substances his own views con- 
cerning chemical constitution, expre.ssed the opinion 
that they consisted of ammonia, which gave them 

^ “ Sur une Serie d'alcalis orgaoiquos homologuea avec ramtooD* 
iaque” (Compt. Rend., 28, 223, 1849); “ Rwherchen Bur t;B ammon. 
iaquea compost* " {Compt. Rend., 29, 169, 1849j. 
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their basic character,^ united with a “ conjunct ” 
composed of carbon with hydrogen or oxygen, by 
which the character of the ammonia was modified. 
On the other hand, Liebig in 1840 had expressed 
the view that if “ wo were able to replace by amid- 
ogen the oxygen in the oxides of methyl and 
ethyl, in the oxides of two basic radicles, we should, 
without the slightest doubt, obtain a series of com- 
pounds exhibiting a deportment similar in every 
respect to that of ammonia, Exprcs.sed in sym- 
bols, a compoimd of the formula O^H.^H^N^EAd 
would be endowed with basic properties.” 

Wurtz regarded ammonia as a link between in- 
organic and organic chemistry, and suggested that 
if it contained carbon it would bo con.sidered as the 
simplest representative of the organic bases. In his 
newly discovered bases, C^HjN, and C\H.N (C=6), 
he saw organic compounds which might be viewed 
according to the hypotheses just explained, either 
as methyl ether, C.,H 30 , or common ether, 
in which 1 equivalent of oxygen was replaced by 
1 equivalent ot amidogen, NH.,, or as ammonia, in 
which 1 equivalent of hydrogen is replaced by 
methyl, C^Hg, or ethyl 
The following formula show these , relations : 

HjN Ammonia, or NHjH Hydramide. 

CjHjN Methyl Ammonia, or NHjCjHj Methylamide. 

G4H7N Ethyl ammonia, or Ethylamide. 

He adds, “Je me servirai de preference des mots 
methylamide, ethylamide,” but in the second paper 
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he at once uses, without prefijce or explanation, the 
terms methylamine, ethylamine, vaUramine, to 
which we have been so long accustomed. 

Here, then, it is evident that the great question of 
chemical “constitution” wiis beginning seriously to 
occupy the attention of chemists. Indeed, there is 
proof that this problem must have arisen already, 
for the theory of compound radicles introduced by 
Liebig and Wohler in 1832, and publicly promul- 
gated by Dumas in 1837,^ and the still earlier 
ammonium theory of Berzelius, all implied, if they 
did not explicitly declare, (bat di.stinct functions 
were performed by the different elements composing 
a given compound. In a paper of Hofmann’s a 
year before Wurtzs discovery, the following pjissage 
occurs in reference to the con.slitulion of alkaloids : 

“ A relation between the nitrogen and the satu- 
rating capacity remained extremely probable, and 
chemists now commenced to jussume (be nitrogen 
as existing in the.se bjises under two forms. In 
almost all cases that portion of this element to 
which the basic properties were referred was be- 
lieved to be in the form of amidogen, ammonia, or 
oxide of ammonium, while the views respecting the 
other portions were for the most part less decided.” 

Later on, in his memoir on the action of cyanogen 
chloride, bromide, and iodide on aniline, he expressed 
the view that it is “exceedingly probable that the 

• Compt. Rend., 6, 667 ; Brit. Ast. Rep. 

* Quart. Jown. Chem. Soe., 1, 172 (1849). 
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organic bases are ind^d conjugated ammonia com- 
pounds.” This view, however, he soon modified, for 
almost immediately afterwards, in discussing the 
results of experiments made with the object of with- 
drawing the elements of water from oxalate of aniline, 
and so obtaining a nitrile corresponding to cyanogen, 
ho remarks that “the impossibility of obtaining 
an anilo-cyanogen throws some doubt on the pre- 
existence of ammonia in aniline. It is probably 
more in conformity with truth to consider aniline 
as a substitution product, as ammonia, in which part 
of the hydrogen is replaced by phenyl.” The ethyl 
and methyl derivatives of aniline were then pro- 
duced by the action of ethyl and methyl bromides 
on aniline,' and shown to have the relation to aniline 
which hiis over since been recogni.sed, and which is 
displayed in the following formula': 

Aiiiltno. Ktliylaiiiliiu*. Dli-thylaniliiu*. 

C,A1 

II [n C4H4N 

h) h) c,hJ 

Here, then, wjis a definite recognition of ammonia 
as a type, upon which was modelled, not only the 
new artificial compound ammonias, ethylamine, 
methylamine, and the rest, but alj nitrogen com- 
pounds possessing basic properties. The acknow- 
ledgment of the type ammonia was followed very 
soon by a corresponding scheme for bringing into 
one class the numerous and very various compounds 

‘ Ctmpt. Hmd., 29, 184 (1849i. 
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known as salts, together w^h a number of other 
substances containing oxygen. This conception we 
owe to Williamson. In 1851 ho wrote as follows: 
“ I believe that throughout inorganic chemistry, and 
for the best known organic compounds, one single 
type will be sufficient — it is that of water, repre- 
sented as containing two atoms of hydrogen to one 
of oxygon, thus — [[o.”' In the course of this paper 
he gave the following formuhe : 


Potash 

■ ■ 

Oxide of j)()taHHiuin 

■ k" 

Methyl alcohol 

■ 

Kt hyl alcohol . 

0 

• (Ml,. 

Acetate of i>otash . 

Cdl.o, 
K ' 

Anhydrous acetic acid . 

• • 

Nitrate of potash . 

NO,o 
• K ^ 

Chlorous acid .... 

C10(^ 

• n ^ 

Chloric acid . 

CIO 
• • H 

Perchloric acid 

CIO^. 

H 


In many cases, however, a multiple of this for- 
mula, gO, must be used, as in expressing the com- 
position of bibasic acids and salts like carbonates, 

' “Constitution of Salts” {Chem. Oaz., 1861 ,atifl Qmirf. Jmirn, 
Chem. Soe., 4 , 1862 , 360 ). 



154 THE PROGRESS OF SCIENTIFIC CHEMISTRY [CHAP. 


sulphates, oxalates. IJe then explained the action 
of potash on cyanic ether discovered by Wurtz, and 
expressed the change by the following diagram : 


K, 


(H,) 

C,H, 


CO 


O2 

(CO) 

(H2) 

N 


“ One atom of carbonic oxide is here equivalent to 
two atoms of hydrogen, and, by replacing them, holds 
together the two atoms of hydrate in which they were 
contained, thus necessarily forming a bibasic com- 
pound ^Oa, carbonate of potash.” This passage is 
especially noteworthy, fur, if not the very first, it is 
one of the earliest definite expressions of the idea of 
linkage ; that is, of two portions of the same mole- 
cule being held together by the agency of an atom 
or group of atoms which serves as a link between 
them. 

Not long afterwards Williamson also discovered 
what ho called tribjisic formic ether, which was ob- 
tained by heating together chloroform and sodium 
ethylate. 

Cl NaOC,H, (OC.ll, 

CHCl + NaOC,H^, = ChJoCjH. + 3NaCl 

Cl NaOCaHj [OC^H, 

Here manifestly the residue, CH, of chloroform 
links together three residues of alcohol, OCgHj, and 
combines them 'in one molecule. It is true that 
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about 1839 Gerhardt had i^itrodiicod the use of 
the term “copulated” or “conjugated” as applied 
to certain compounds, such as the product of the 
action of sulphuric acid upon benzene or upon benzoic 
acid, in which sulphuric acid cannot bo recognised 
by the usual tests, and was therefore supposed to 
be in a state of more intimate union than is found 
ill the sulphates. Berzelius also adopted the same 
expression, but with a somewhat diflerent meaning, 
for ho seems to have applied the term “copula” to 
neutral or passive substances supposed to bo asso- 
ciated with an active body. Thus acetic acid was 
regarded by Berzelius as owing its acid properties 
and chemical activity to oxalic acid, but united with 
the copula methyl. Evidently the.se ideas are en- 
tirely different, and the co]nda of Berzelius did not 
connote, {is the word might .seem to imply, the idea 
of holding together two things which would otherwise 
.separate. 

The idea of classifying according to types, then, 
belongs to Dunuis ; but for the extension ot the 
idea and modifications by which it was converted 
into the really serviceable system which it con- 
tinued to bo for many years, it needed the co-opera- 
tion of many ajptive minds. Wo have seen how 
Williamson introduced the water type, and how the 
discoveries of Wurtz and of Hofmann led to the 
establishment of the ammonia type. A large 
number of compounds remained, however, which 
these two substances, water and ammonia, scarcely 
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seemed to represent^ Gerhardt therefore added 
the hydrochloric acid type and the hydrogen type, 
and in the fourth volume of his celebrated Traite 
dfi Ckiinie Organiqtie, ho supplied a tabular scheme, 
showing at a glance how these four typos might 
bo made the basis for a system of classification. 

To these, as more appropriate to the compounds 
of carbon, Kolbe added the carbonic acid typo; but 
ho used the double value, 12 , for carbon, while he 
retained the equivalent value, 8 , for the symbol of 
oxygon. Hence the formula, (JO^, which ho used 
for the typo, represented the oxygen as divisible into 
four equal parts, whereas there is no reason for 
believing it to bo divisible into more than two 
parts. The marsh gas type, CH 4 , introduced a little 
later by Kckule, was of far greater importance. 

Further, in 1854 Williamson showed that by the 
action of phosphorus pcntachlorido on sulphuric 
acid a compound is formed, which may be regarded 
as formed on the conjoint or mixed type of hydro- 
chloric acid and water by the introduction of the 
residue SO^ in place of two atoms of hydrogen, one 
derived from each of these compounds, thus : 


Cl 

H 

H 

H 


0 


Cl 

H 


1 

1 


This chlorhydrin of sulphuric acid, or chlorhydrated 
sulphuric acid, evidently owes its existence to the 
property possessed by the SOj of binding together 
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the Cl and the HO, thus retaining the properties of 
a chloride joined to those of a hydrate. 

In like manner sulphuric acid itself contains the 
radicle SOg, which in this compound hohis together 
the residues of two molecules of water. Hence, to 
represent it, a condmaed type must be assumed in 
which two molecules of water are concerned, thus : 


Type 


0 


H 
H 

H[” 


Sulphuric Acid 


“ i 

so. 

II t 


0 

0 


A similar condensed type nuist he used to repre- 
sent such acids as phosphoric and arsenic acids, ^ 
and compounds such as glycol ^ and glycerin “ which 
are not acids hut are alcoholic in character. 


^ Graham in 1838 first demonstrated the true nature of arsenic 
and phosphoric acids, and so laid the foundation of the idea of the 
“ basicity ” of acids. The following formula! show the conijiosition 
of the phosphoric acids, according to the binary system, using equi- 
valents, and for comparison the unitary formulas, using atomic 
weights : 

Orthophosphoric acid . . . POr,3IU) 

Pyrophosphoric acid . . l’0.,2HO IhlV’r 

Metaphosphoric acid . . I’0-,UO Hl’di 

See AUtni/k Club RepnnU, No, 10 

* Glycol was discovered by Wurtz in 186(), as a result of the 
application of the theory of condensed tyjics to a consideration of 
the case of glycerin. — “ Sur le Glycol ou alcool diatoraique " (Compt. 
Send., 43, 199). 

• " Berthelot was the first to demonstrate the tme nature of 
glycerin as an alcoholic body capable of interacting with three 
molecules of such acids as acetic and palmitic." — i4»m. 6'Am.,41, 266 
(1854). 
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Triple Water Type. 


H 

Hf 


Phoiphoric Add. 


(PO) 


”]o 


Olycerin. 



In such compounds as these three residues of water 
are linked together in one molecule by the multi- 
valent radicle. 

But while adopting the idea, Gerhardt imposed a 
strict limitation upon the signification of the word 
type, as used in his system. For, while the hypo- 
thesis of Dumas implied that compounds grouped 
together were composed of elements arranged in a 
similar order within the molecule, Gerhardt insisted 
that any knowledge of what wo should now call 
“ constitution ” wiis inaccessible to experiment. The 
four substances selected by him as types, namely 
water, hydrogen chloride, ammonia, and hydrogen, in 
equal volumes in the state of gas, that is, HgO, HCl, 
H3N, and H.^, ho called types of double decom- 
position} Water, for example, in a great variety 
of transformations, can exchange its hydrogen or 
oxygen for other elements, giving rise to all the 
innumerable oxides or sulphides appearing as bases, 
acids, salts, alcohols, and so forth. 

It is difficult for us now to understand why 
Gerhardt insisted so strongly upon the distinction 
which he thought he saw between the significance 

* TraiU de Chim. Org., tome iv. 286. 
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of his own t 3 rpe formulae and^ those of Dumas, For 
when substitution occurs it must be assumed, accord- 
ing to either system, that the radicle which is intro- 
duced, whether elementary or compound, takes the 
same place as the hydrogen or other element which 
is removed. So that, although it might be asserted 
that nothing was known, for example, of the arrange- 
ment of the atoms in a molecule of water, whatever 
that arrangement might be assumed to be, it would 
be maintained in the molecules of all the substances 
which are fairly to be regarded as derivatives of water. 

In the meantime, however, facts were being accu- 
mulated in other directions, which subsequently 
served a most important purpose in the develop- 
ment of the ideas of more modern times in reference 
to constitution. As already mentioned, Frankland 
discovered in 1848 the compound whi(;h was re- 
garded by all chemists of that time as the free 
radicle ethyl. In the cour.se of the investigation 
it was discovered that the zinc docs not only com- 
bine with the iodine, setting the ethyl free, but that 
it also combines with a portion of ethyl, producing 
a definite comjwund possessed of very remarkable 
properties. Zinc ethyl, or zinc ethide, or 

in modern symbols, was the first of a 

long series of ‘‘organo-mctallic” com[M)nnds, the 
majority of which were prepared and examined by 
Frankland himself. Writing on the subject many 
years later, ho says : ^ “I had not proceeded far in the 

' “ Experimental Researches” (collected 1877), p, U.'i. 
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investigation of thes^ compounds, before the facts 
brought to light began to impress upon me the 
existence of a fixity in the maximum combining 
value or capacity of saturation in the metallic ele- 
ments which had not before been suspected. That 
stannous ethide refiLsed to combine with more than 
the complementary number of atoms of chlorine, &c., 
necessary to form a molecule symmetrical with 
stannic chloride, surprised me greatly at first; but 
such behaviour in this and other organo-metallic 
bodies scarcely permitted of misinterpretation. It 
was evident that the atoms of zinc, tin, arsenic, 
antimony, had only room, so to speak, for the 
attachment of a fixed and definite number of the 
atoms of other elements ; or, as I should now express 
it, of the bonds of other elements. This hypothesis 
constitutes the basis of what has since been called 
the doctrine of atomicity or equivalence of elements, 
and it was, so far as I am aware, the first announce- 
ment of that doctrine.” This statement is justified 
by reference to the original paper ' (dated May 1 0, 
1852), in which occurs a clear expression of the 
view, that in the several compounds of a given 
element, “ no matter wlmt the character of the uniting 
atoms may he, the combining 'power of the attracting 
element, if 1 may bo allowed the term, is always 
satisfied by the same number of these atoms.” In 
other words, the combining capacity of an element 
does not depend upon the nature of the atoms with 
» PhU. Trans., 143, 417. 
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which it is united, but is detcpained by the special 
character of the element itself. 

It appears, then, that while the distinction be- 
tween univalent and multivalent atoms and groups 
of atoms was first perceivetl by Williamson, wo owe 
to Fraiikland the first enunciation of tho doctrine 
that each atom possesses a capacity for combination 
peculiar to itself, and usually limited according to a 
definite rule. 

At this time and henceforward for some years 
chemists were much occupied with the business of 
ranging compounds, old as well as now, under their 
appropriate types, with the natural result that much 
wrangling ensued upon (questions which, when 
answered, seemed to lose their importance. To 
what type, for example, should such a compound 
as nitrous oxide ho referred — to the water ty|)c or to 
the ammonia tyj)e ^ Or, again, should chloroform 
he regarded jus a derivative of condensed hydro- 
chloric acid, seeing that in its want of reactivity 
with silver salts it gave no sign of being a chloride ? 
Gradually it became obvious to all, that the system 
of types was a merely artificial scheme of classifica- 
tion, as Gerhardt himself had pointed out long ago : 
“Comme jo lai souvent dit, mes radicaux et mes 
types ne sont que des symboles, destines k concreter 
en quelque sorte certains rapports de composition 
et de transformation.” * 

But though types of themselves could serve only 

' TrmU, tome iv. 611 . 


L 
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a temporary purpose# and afford merely one point 
of view, the ideas which arose out of their employ- 
ment were of the utmost importance ; for, as we have 
seen, they led to the notion of atomic combining 
power, or “atomicity,” and from this sprang the 
doctrine of the linkage of atoms and modern views 
as to chemical structure. For this immense stride 
in advance the world is indebted chiefly to the writ- 
ings of Kekule. The question whether the credit of 
initiating the idea of atomicity or valency belongs to 
this chemist need not now be discussed, notwithstand- 
ing the (iliiim which ho put forward some years later,* 
inasmuch as it has already been shown that the 
idea was first (conceived jind expressed by Frankland 
in 1852,2 Kckulc, however, deserves to be regarded 
as the founder of modern structural chemistry, inas- 
much as the liidcage of carbon to carbon is first 
clearly set forth in his paper “ On the Constitution 
and Metamorphoses of Chemical Compounds, and on 
the Chemical Nature of Carbon,” published in 1858.® 
In this paper he pointed out that the disposition of 
the atoms constituting a radicle can be represented 
after sufficient study of its reactions, and in the 
case of carbon by a study of the compounds of that 
element. If we consider the simplest compounds of 
carbon, CH,, CH^Cl. CC1„ CHCl,, CO^, COCl^, CS^. 

^ “ Sur ratomicit6 des elements ’’ {Compl. Rend., 68, 510, 1864). 

• This point has been very carefully discussed by Professor Japp 
in the “ KekuW Memorial Lecture ” (Joum. Chem. Soc., 73, 108-120, 
1898). 

’ Liebig’s Annalen, 106, 129. 
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CNH, &c., it is obvious, he sayS, that “ the sum of the 
chemical units which are combined with one atom of 
carbon is equal to 4. ... In the (vise of substances 
which contain several atoms of carbon, it must bo 
a&sumed that some of the atoms at least are held in 
the compound in the same way by the affinity of 
the carbon, and that the carbon .aioms thcmselvas 
are united together, whereby, of course, a part of the 
affinity of one is combined with an equal part of the 
affinity of another, 'flic siinplcM. and therefore the 
most prol)al)le ease of Mich a union of two carbon 
atoms, is that in which one unit of affinity of one 
atom is combined with one unit of the other. Of 
the 2x4 units <»f affinity of the two carbon atoms, 
two are employed in holding the two atoms together; 
there remain, therefore, six which may he united with 
atoms of other elements. In other words, a group 
of two atoms of carbon, V.,, is sexvalent; it may 
form a compound with six atoms of a univalent 
element, or generally with so many atoms that the 
sum of the chemical units of these is six. (Examples : 

c^HjCi, c.,H/;i.,. (X\. ryf ,N, 

C^HgOCl, SiC.) 

“ If more than two carbon atoms unite in the same 
way, the basicity of the carbon group is increased by 
two units for each additional atom. The number 
of atoms of hydrogen (chemical units) which are 
unit;ed in this way with n atoms of carlxin, may be 
expressed as follows : 

n(4-2) + 2=.2n-2. 
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Suppose n—5, the basicity is therefore 12. (Ex- 
amples: C,H,N, &c.) So 

far it has been assumed that all the atoms associ- 
ated with the carbon are held by the affinity of the 
carbon. It may just as well be conceived, that in 
the case of polyatomic elements, 0, N, &c., only a 
part of the affinity of these, only one of the two 
units of the oxygen, for example, or only one of the 
three units of the nitrogen, is combined with the 
carbon ; so that one of the units of affinity of the 
oxygen, or two out of the three units of affinity of 
the nitrogen, remain over, and may be united with 
other elements. These other elements are thus only 
indirectly combined with the carbon, as indicated 
by the typical manner of writing the formuhe : 




h[n 

h) 


C,HhOK 

C.,H, 




C-A 
c, 

0,HJ 


Similarly, by means of the oxygon or the nitrogen, 
different carbon groups are held together.” 

Further on he refers to the fact that while in a 
very largo number of organic compounds such simple 
combination of the carbon atoms may be assumed, 
others exist which contain so much carbon in the 
molecule, that for them a closer combination of the 
carbon must be supposed; and then he mentions 
benzene and its derivatives and homologues, as well 
as naphthalene, as examples of compounds richer in 
carbon. 

Looking at the position of Gerhardt s system of 
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t3rpes of double decomposition about this time, it 
is clear that the chief ativance which had been 
made resulted from the recognition of multivalent 
radicles, and the power they possess of linking 
together two or more residues or radicles. As to 
typical formula' themselves, though so recently in- 
troduced, their importance was already <liminishing ; 
for “typical formula' being rcpreseiitalions of reac- 
tions, it follows that if a substance affords two or 
more distinct kinds of reactions, either of formation 
or of decomposition, it may be consistently repre- 
sented by formula' deriving from a corresponding 
number of distinct tyj)es.” ^ Hence in a rational 
formula of the highest possible degree of generality, 
that is, one which would ex})rcss all the possible 
reactions of a body, the constituent radicles must 
bo reduced to the greatest possible simplicity —they 
must, in fact, be reduced to their elementary atoms. 
Such a generalised type formula becomes equivalent 
to a modern constitutional fonnula. Kekule himself 
seems for some time to have hesitated to accept the 
full consequences of his own conclusions, for while 
in the pa[X)r just quoted he definitely proclaimed 
the quadrivalent character of carbon, and showed how 
the atoms of this element might combine together, 
he was writing in his famous Lehrhxich^ “that 

’ See Brituh AsKocuUion Report on the "Recent Propjress and 
Present State of Organic Chemistry," by O. C. Foster {Report for 
1859, p. 1). 

• Lehrlmch (Ur Organuchen Chemie o(Ur der Ckeinir (Ur Koltlenetoff- 
Verbindtmgen, i. 157. 
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rational formulai are ^nly formula) representing the 
reactions and not the constitution of a body; they 
are nothing more than expressions for the meta- 
morphoses of a body, and a comparison of different 
bodies, and are in nowise intended as an expression 
of the constitution, that is of the arrangement, of 
the atoms in the actual substance.” The reasons 
ho goes on to express for this hesitating position arc 
not quite satisfactory. 

Almost at the same time, however, another young 
chemist, A. S. (Jouper, in a paper which appeared 
in all the chief chcniical journals, put forth inde- 
pendently quite similar views as to the peculiarities 
of the element carbon, and by using a system of 
graphic formulie had even gone a step further. 
Couper showed, in the course of his paper, that the 
quantity of carbon represented by Co (C—b) is never 
divided during chemical changes ; hence he remarks : 
“ It is only consequent to write, with Gcrhardt, Cg 
simply as C, it being understood that the equivalent 
of carbon is 12.”^ In consequence of peculiar views 
of his o^vn, however, ho retains 0 — 8, and hence all 
his formula) contain O 2 , or 0...0 in place of 0, but 
otherwise they resemble modern structural formulie. 
As Couper’s graphic formula) are the first symbols 
of the kind, and are so remarkably like those in 
common use at the present day, they deserve to be 
kept in remembrance. One example will suffice; 

* A. S. Couper, “Sur one noovelle thdorie chimique" (Ann. 
Chim., 53, 469 ; Phil. Mag. [4], 16, 104). 
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propyl alcohol, CjHgO, ho expressed by the follow- 
ing scheme : 

0 ...OH 

U. ..Hy 
C. ..H, 

This was in 1858; in the following year Kekules 
LehrJmch appeared, and in a footnote (p. ICO) he 
introduced a .system of graphic formula*, in which 
the basicity {i.e. valency) of each atom is expressed by 
the size of the .symbol in the following manner : 



Kekul4 thought it neces.sary to .state in a foot- 
note that by these symbols the size of the atoms 
is not intended, but only the respective number of 
chemical units of each clement. Symbols somewhat 
similar to these were afterwards u.sed by Naquet 
and other writers. 

Little use of these methods of notation was, how- 
ever, made for some years, but a system was intro- 
duced in 1865 by Professor Crum Brown, which 
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with slight modificatjpn has stood its ground and 
served a valuable purpose. The symbols explain 
themselves, but the author thought it advisable to 
state that by them he did “ not mean to indicate 
the physical, but merely the chemical position of 
the atoms.” ^ The formula for ethane, as an example, 
is on this system as follows : 


( 2 ) 

(g)i* ■ ©——^*-—(8) 

I I 
<a> (B> 

In 18 G 6 Frankland adopted practicuilly the same 
system, merely omitting the circles round the symbols 
ot the elements, and henceforward graphic formulie 
came freely into general use. By this time the 
doctrine of atomicity or valency was fully estab- 
lished, and the reluctance which was at first felt 
by many to use any kind of symbol which seemed 
to suggest, even remotely, a pictorial representation 
of a molecule, gradually wore off, in proportion as 
belief became general in the linking of atoms in 
definite order as a necessary consequence of the 
doctrine of atomicity. 

From this time forward chemical theory has ad- 
vanced upon the same road, and mechanical ideas 
of constitution have more and more permeated the 
views of chemists as to the mutual relations of 
chemically united atoms. This will be developed 
to some extent in a later chapter, in which the 
' Joum. Chem, Soc„ 18, 232 (1865). 
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principles of " steroo-clteniistjy ” are set forth, but 
the subject cannot be relinquished at this point 
without a brief reference to one inqiorUint eon- 
qiience of Kekule’s further study of the question. 

The story carries us back to about 1825, when 
Faraday, in examining the volatile liquid which wtis 
wont to collect in the receivers then in use, conUin- 
ing compressed oil gas, discovered benzol, or as it is 
now written, benzene} The same licjuid w'as obtained 
by Mitscherlich in 1888 as the sole volatile product of 
the distillation of benzoic acid with lime, the elements 
of carbon dioxide being abstracted from the acid 
and retained by the lime in the form of carbonate. 
Benzoic acid itself was at that time known chietly 
as a constituent of a fragrant medicinal resin ob- 
tained from a tree, the Sfurax benzoin, growing in 
Sumatra. Hence the name of the new compound, 
which Faraday had analysed and shown to consist 
of carbon and hydrogen, ( ’oal-tar naphtha was not 
investigated till about 1847, when Mansfield found 
in it a more abundant and convenient source of the 
new hydrocarbon, which henceforward wjis always 
manufactured from that liquid. Mitscherlich had 
discovered that by mixing benzol with strong nitric 
acid a peculiar aromatic-scented volatile nitro-com- 
pound was formed, and this, in 1842, the Russian 


* This is not to be confounded with the volatih* njixture of liquidi 
known as benzine or benzoline, dibtilled from the lighteet })art8 of 
petroleum, and which consists of hydrocarbons of the paraffin series, 
CnHk, + 2 . 
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chemist Zinin converted by means of ammonium 
sulphide into the liquid which has long been known 
as aniline, and which has since become famous as the 
material from which the earliest of the artificial dyes 
were produced. Benzol, or benzene, contains carbon 
and hydrogen in proportions which are most simply 
represented by the formula CH ; but the density of 
the vapour as compared with that of hydrogen, is 
such that the molecule must be expressed by six 
times this formula, or Cyll^. This compound is the 
first term of a series of hydrocarbons, of which we owe 
to the labours of Mansfield the discovery of several 
members which stand in the relation of homologues 
to benzene. Thus we have : 


Benzene . 

. . ■ CoHo 

Toluene 

. . • 

Xylene 

. . . 

Cumene 

. . . C 9 H 12 

Cymene 

■ • . 


Some years later Fittig and Tollens proved that 
all these hydrocarbons can be formed from benzene, 
by the substitution of methyl CHj, ethyl and 

so forth, for one or more atoms of hydrogen in benzene, 
and they supplied a method by which this exchange 
can be actually effected. It soon became obvious that 
these compounds stood in some very intimate relation- 
ship towards essential oil of almonds, essence of cinna- 
mon, essence of cummin, and other fragrant or aromatic 
compounds, among which could be counted hydro- 
carbons, alcohols, aldehyds, acids, &c. Further, it 
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was recognised that these aromatic compounds pre- 
sented certain chemical characteristics which dis- 
tinguish them from the cdrresjwnding series derived 
from fats, and the acids, &c., connected with them. 
And thus carbon compounds began to 1 x 3 ranged under 
the two great divisions of Fatty and Aronuttic com- 
pounds, which arc still to some (‘xtent recognised. 
These facts were by 1865 sufficiently established to 
provide material for reflection, and problems which 
would have to be encountered by the promoters of 
the new doctrine of atomic linkage. Kekule ob- 
served that benzene is the first term of the series 
to which it belongs, and the supposed lower homo- 
logue, C 5 H 4 , was shown to have no existence. The 
group of six atoms of carbon .seems to form a unit 
which continues to subsi.st undivided in all the 
numerous compounds into which the molecule of 
benzene, more or less strip{>ed of hy<lrogon, enters 
as a constituent Further, the hydrogen in this 
molecule shows no signs of being gathered round 
any one or more of the carbon atoms to the disad- 
vantage of the rest In other words, it is equally 
distributed among them, so that every atom of 
carbon has an atom of hydrogen to itself. Wo 
have seen how the idea became e.sUblishcd, that an 
atom of carbon is capable of linking itself to a 
second atom by means of one unit of its atomicity, 
or valency, as it has been variously called, so that 
each of the two conjoined atoms loses one-fourth of 
the power it possesses by itself of becoming attached 
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to other atoms. This ,may be diagrammatica\ly ex- 
pressed as b)llows ; 

I 1 

c c 

I 1 

By the application of the same idea to an indelinite 
number of atoms, it is eiusy to conceive of a long 
chain of carbon atoms linked together in a similar 
manner, thus: 

III III 

-C C C - . . . . . . (! C-C 

III III 

Or again, these atoms may be supposed to be joined 
in constHpienco of the suppression of two units of 
valency between two neighbouring atoms, which 
may be expressed in a similar maimer : 

- C-C-0-,&c. 

Or again, by suppression of one and two units 
alternately ; 

I I I I I 
-0-C-0 = C-C--=, Ac. 

All these are examples of what are now called 
open chains, in which the terminal atoms have their 
affinities satisfied by means of hydrogen, chlorine, 
or some other element which ends the series, llio 
idea which Kekule introduced is derived very simply 
from this. Ho explained the peculiar composition 
and properties of benzene, by supposing that six 
atoms of carbon are joined together by alternate 
single and double linkages, and that the termimd 
atoms are united into a closed chain or ring. This 
may be expressed by writing the six carbon atoms 



V] FORMULA OF BENZENE 173 

in a straight line as above, an^ joining the extremi- 
ties ; but since the molecule of benzene is symmetrical 
in its chemical behaviour, it has long been tho 
custom to represent it by a symmetrical figure, the 
hexagon thus ; 


M—C C~H 



H-C C-H 


In a largo proportion of cases the fourth unit of 
valency, here, by a guess, represented as linking tho 
carbons together, is simply unaccounted for, and 
exorcised in a way not yet understood ; it may, 
therefore, bo left unexpressed. In like manner it 
is unnecessary to write all the symbols for hydrogen 
every time tho formula is required, and in practice 
a skeleton symbol Inus come into use which expresses 
at once all that is wanted. Further, for reasons 
which may readily be understood, it is convenient 
to number tho carbon atoms .so as to distinguish 
one from another in the ring, and to signify their 
relative po.sitions; and so the formula may be re- 
duced to: 





4 - 
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Or more simply as •follows, the numbers .being 
understood : 



The idea involved in this formula of a chain closed 
by the interlocking of its terminal atoms has been 
largely applied, and many groups of compounds are 
now known formed upon nuclei consisting of 8, 4, and 
5, as well as 0 atonjs of (iarbon, and that other ele- 
ments, such as nitrogen, oxygen, and sulphur, may 
take a place in the ring. Tlic earliest direct synthesis 
of rings containing throe and four atoms of carbon was 
accomplished about 1884, an<l many reactions were 
studied about this time by W. H Perkin, jun.,^ in 
which derivatives of trimetbylene and (etramcthylcne 


t’U, 

CH, 

CH., i 

\ * 

1 

1 

\CH, CH., 

1 

CH,, 

were obtained. He has given a history of the whole 


subject in a lecture delivered before the German 
Chemical Society in Berlin.* The comparative ease 
with which rings of six carbons may be formed, and 
the much greater difficulty experienced in producing 
rings made up of three or four atoms of that element, 
* Ber., 16, 2136, *c. * Bfr., 35. 2091 (1902). 
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have teen accounted for by hypotheses of a remark- 
able mechanical character which will be explained 
in a later chapter. Kekul4’s formula, in the simple 
shape to which it has been reduced by omitting the 
debatiiblo and much debated question of what be- 
comes of the fourth valency, is accepted by all chemists. 
Indeed, it may now be regarded as established upon a 
basis of experimental evidence, comparable with that 
upon which rests the Atomic Theory itself. It re- 
quires in this form no assumptions that have not been 
fully verified by experiment;* and it has rendered 
such service in the development of “organic” 
chemistry generally, f,hat it wouM be no exaggera- 
tion to jussert, that without it the greater part of 
modern knowledge in this field could never have 
been established. Without its gui< lance a large 
proportion of the familiar atid beautiful artificial 
colouring matters would probably never have been 
discovered, and the greater number of (he numerous 
modem synthetical medicinal agents could never 
have been produce<l, save, possibly, by accident, 
lire beauty and fertility of Kekule’s theory of the 
“aromatic” compounds can only be fully appreci- 
ated by those who have made a study of the subject, 

' Probably the most important single contribution to the subject 
ever made is the remarkable memoir by W. Kornrr, published in 
1876, in which be applied the principle, indicated in general terms 
by Kekule, by which the problem of the position of radicles intro- 
duced by substitution into the molecule of benzene was solved. In 
working out the application of the method, bo described about 120 
new compounds. {QazzeUa Chxmica Italiana^ iv., translated and 
abstracted into the Journal of the Chemical Sociely, 1876, vol. i.) 
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but the literature relating to this department of 
chemistry, even for purposes of exposition, is very 
extensive. It is not possible to enter into more 
detail in these pages, but the student will readily 
find in every text-book of “organic” chemistry a 
statement more or less complete of the applications 
of the theory. 

It hiis also been well remarked that “ Kekule s 
structural formube cleared away at one stroke the 
entire brood of pseudo-constitutional formulje. If 
chemists no longer waste their time in wrangling 
over the question whether, for example, methylamine 
is methane, in which one atom of hydrogen is re- 
placed hy the amido group, or ammonia, in which 
one atom of hydrogen is replaced by methyl, the 
merit is Kekule s.” ‘ 

Constitutional formula* then arc based on the appli- 
cation in some shape or other of the fundamental 
idea of definite and limited combining capacity dis- 
covered hy Frankland. As time has gone on many 
attempts have been made to extend the idea so as 
to include not only the well-defined examples of 
constitution already given, but to account for such 
phenomena as the cajmeity for combination exhibited 
by apparently saturated compounds such as water, 
and the variation of valency exhibited by certain 
elements. Nitrogen, for example, appears bivalent 
in nitric oxide NO, trivalent in ammonia NH3, 

* Professor Japp’s “Kekold’i Memorial Lecture” {Tmru. Chem, 
Soc., Feb. 1898). 
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and quinquevalent in ammoqium chloride NH^Cl 
Chemists are far from being agreed on these subjects. 
As to a physical explanation of valency, if one could 
be found and completely established on a sufficiently 
firm foundation, a step would be achieved which 
would lead us a long way toward a knowledge of the 
physical nature of chemical “affinity” itself. This 
can hardly be said to have been yet accomplished. 
There are, however, two distinct theories which are 
not only quite modern, but arc distinguished from all 
the previous vague conceptions by the support which 
each derives from knowledge comparatively recently 
acquired. The one attributes combination to electri- 
cal charges associated with the active atoms of the 
elements, and this will bo referred to again later on. 
The other, which Inis been entitled by the authors ' “ A 
Development of the Atomic Theory which correlates 
('hemical and Oystallinc Structure and leads to a 
Demonstration of the Nature of Valency,” requires 
the assumption of attractive and repulsive forces 
between the atoms, but involves ideas which must 
bo regarded as supplementary to such hypothesis. 
According to this new view the valency of an atom is 
determined by the volume which the atom and its 
sphere of influence occupy in space within the mole- 
cule of which it forms a part. The attractive forces 
acting between the atoms cause them to lie closely 
packed together. Similarly the molecules are packed 
closely within the minimum compass in solids, and 

‘ Barlow and Popp. Journ. Ctum. Soc.. Sfl, 1(176 (1906). 

M 
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crystalline structure tis produced by the prderly 
arrangement of close-packed homogeneous assem- 
blages of molecules. 

The valency volume is by no means to be con- 
founded with “atomic volume” deduced from the 
density of the substance, for the sphere of atomic 
influence of carbon being taken as four those of 
hydrogen, chlorine and bromine must bo taken as 
one, and these relations have no obvious connection 
with the “atomic volumes” 11*0, 5*5, 22’8, and 27*8, 
previously assigned to these elements. In the appli- 
cation of this hypothesis to the problems of multi- 
valency and unsaturation the authors have mot with 
considerable succe.ss, but until the study of crystallo- 
graphy and crystal atnicturc has become more 
familiar to chemists the recognition of this most 
interesting hypothesis will probably make slow 
progress. 
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Dumas as Iii'-p<'titeur dn coura de Chimie a I’lfecole Centrale des 
Arts et Manufacturi'S. After e\j»erienoo as chemist to the 
porcelain factor} at S« \ie.s and elsewhere, lie liecamo Professor 
of Chemistr} at the Kacidty of Scionces at liordeaux. From 
1848 he was Assayer to the Mint in Pans. 

Ho died l&th April IH.'i.'l. 

[Obituary, (^uart. .hjurn, ('hem. Sm , 7, 148 (IKriri), ) 

Ctnm.KS Hi.v(’HFohi) Mansfiki.h, the son of a clerg}nian, 
was l>orn at Uowner, Hampshire, in 181b. After education at 
Winchester and (’ambridgo he entered the Hoyal College of 
Chemistry under Hofmann. The accidental ignition of a still 
containing coal-tar naphtha cost him his life, 2Gth Feb, 18r)(i, 

[Obituary, Quart, Jouni. (hem. Sor., 8, 111 (Ihrifj).] 

ElLHARDTMiTScnKKLR'H was born 7th .Ian. 17b4, at Neuende, 
near Jever, in Oldenburg, where his father was a preacher. He 
first devoted himself to history and philology, especially to the 
oriental languages, but having become, at Heidelberg, attracted 
to the natural sciences he gave himself up to the pursuit of 
chemistry. In 1818 he discovered the isomorphism of the 
arsenates and phosphates, ami was thus led to the formulation 
of the law of isomorphism which is associated with his name. 
In 1821 he succeeded Klaproth as Ordinary Professor of 
Chemistry in the University of Berlin. He died on 28th Aug. 
1863. 

[Obituary, Jourri. Chem. Soc., 17, 440 (1864).] 

Alfred Naquet, bom at Carpentraa, 6th Oct. 1834. M.D. 



182 THE PROGRESS OP SCIENTIFIC CHEMISTRY 


Paris 1859. Professor at the Faculto de Mf'^decine till his politi- 
cal opinions oblij^od him to leave France. Returning in 1869, 
he was after the war elected as a Deputy to the Chamber, 
where he sat on the left. 

[Poggondorff’s Harniworterhich, vol. iii.] 

William Hknry Pkrkin, jun., PIi.D,, F.R.S., eldest son 
of Sir William Henry F^erkin. Formerly Professor of Organic 
Chemistry in the University of Manchester: Waynflete Pro- 
fessor of Chemistry in the University of Oxford (1913). 

William .Iackson Popi:, M.A., LL.I)., F.ll.S,, Professor of 
Chemistry in tlu' University <tf Cambridge. 

Ja(’()h Hkinhicii Wilhklm Sc’mikl, born 31 st Oct. 1813. 
I‘nv(it-(lncfnt ill Heidelberg. In 1849 he went to America, 
where ho remained ton years, and then returned to Heidel- 
berg. A paper of his at this time gives the history of the 
recognition of series among organic compounds. Liebig’s .Lm., 
1 1 0, U 1 ( 1 859) Died at Badmi- Baden. 

[Poggondorlf's lliunfu'oihrhitrli.] 

Bkrnhari) Chiustian (iottkriki) Tollkns. Since 1873 Pro- 
fessor Extraordinary and Directoi of the Agricultural Chemical 
Laboratory of the University of Cnttingen. 

Charlks Adolphk Wurtz was born at Strasbourg, 2Gth 
Nov. 1817. His father was the pastor of Wolfshoim, a village 
near the city. Ho at first studied medicine, and took his 
degree in 1843, but immediately afterwards entered Liebig’s 
laboratory at Giessen. In the following year he went to Paris, 
and was for a short time in Balard’s laboratory at the Faculte 
des Sciences, but in 1845 he liecame assistant to Dumas at the 
^ole de Medecine, and in 1849 he gave a course of lectures on 
organic chemistry in place of Dumas. The Institut Agrono- 
mique being founded at Versailles, Wurtz was appointed 
Professor. The Institut, however, had but a short life, and 
in 1853 Wurtz succeeded Dumas at the Faculte de Medecine, 
where he remained till 1874, when a chair of organic chemistry 
was created for him at the Sorbonne. 
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He died I2th May 1884. 

[Obiiuary, by A. W. Williamson!' Proc. Roy. Soc., 38, xxiii. 
(1885). Fuller notice by Hofmann, lierichte Ref., 815 (1887).] 

Nicolaus Zinin, born 25th* Aug. 1812, at SchuBcha, Trans- 
caucasia. A student under Liebig at (liessen, be became first 
Professor of Chemistry in Kusan, and later Professor of 
Chemistry and Physics at the Medico-Chirurgical Academy 
in St. Petersburg. 

He died early in 1 880. 

[lirief obituary by A. W. Hofmann. 13, 449 (1880).] 
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(CHAPTER VI 

THE DEVELOPMENT OF SYNTHETICAL CHEMISTRY 

From the time of Lavoisier the subject-matter of 
chemistry has been divided, in nearly all general 
treatises on the science, into two chief departments, 
the mineral or inorganic, and the m'ganic. In the 
older text-books vegetable substances were described 
separately from those of animal origin; but down 
to comparatively recent times the idea commonly 
prevailed that the composition and properties of 
both these classes of compounds wore governed by 
laws differing essentially from those which were 
found to prevail among substances of mineral 
nature. It was recognised that organic compounds 
are usually more complex in composition, and more 
easily decomposed by heat than minerals, and that 
“we cannot always proceed, as with materials de- 
rived from the mineral kingdom, from a knowledge 
of their components to the actual formation of the 
substances themselves. It is not probable,” it was 
said, “that we shall ever attain the power of imi- 
tating nature in these operations. For in the 
functions of a living plant a directing vital prin- 
ciple appears to be concerned peculiar to animated 
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bodies, and superior to and differing from the cause 
which has been termed chemical affinity” (Henry’s 
Elements of Ex^m'imental Chemistry, 1829). An- 
other purely hypothetical distinction, the result 
of ignorance of the constitution of I ho majority of 
organic compoufids, was based upon (he assumption 
of a hinar'y plan of combination in inorganic com- 
pounds not observable in organic compounds, So 
late tis 1898 the ninth edition of Fownes Manned 
of Chemistry, with Hofmann jis joint editor, con- 
tains a passage in which it is explained that “ copper 
and oxygen combine to oxide of copper, poUussium 
and oxygen (o pota.ssa, suljdmr and oxygen lo sul- 
phuric acid, sulphuric acid in its turn combines 
both with oxide of cop|)er and oxide of p<jtas- 
siuin, generating a pair of salts, which are again 
capable of uniting to f«.rm the double compound 
(JuO, SO 3 t KO, SO,,. The most (•omi)licated pro- 
ducts of inorganic chemistry may be thus shown to 
be built up by this repeated pairing on the part of 
their constituents. With organic bodies, however, 
the case is strikingly different; no such arrange- 
ment can be tracc<I.” 

Organic chemistry then originally, and lijr a long 
time, was understood to mean the study of com- 
pounds derived from organic sources; but as to the 
constitution of such compounds, opinion has passed 
through many successive phases of modification. In 
1837 Liebig, in conjunction with Dumas, defined 
organic chemistry as the chemistry of compound 
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radicles. Gmelin, ten years later, included in the 
organic division of his Handbook compounds which 
contained more than one atom (C=6) of carbon. 
Gerhardt’s definition is as follows : “ La chimie 
organique s’occupo do letude des lois d’apr^s les- 
qiielles .se metamorpho.sent les mati^res qui con- 
stituent Ics plantes et les animaux; elle a pour 
but la coniiaissanco des moyens proprcs k composer 
les substances organiques en dehors do Icconomie 
vivante” {TraiU, i. 7). But recognising carbon as 
the es.scntial and characteristic element, Gerhardt 
made no distinction between those compounds which 
contain only one atom and those which contain 
more than one atom of this element. Hence he 
described as fully the oxides and sulphides of carbon 
and the carbonates as the more complex compounds 
which follow in the book. 

Kekule defined organic chemistry as the Chem- 
istry of the Carbon IkmipouiKls,’ and pointed out 
that the separate treatment of .such compounds is 
chiefly a matter of convenience, and is rendered 
necessary in consequence of their very large num- 
ber, and the great practical as well as theoreticfd 
importivncc of so many of them.* 


‘ The title of bis well-known treatise expresses this association 
of ideas : Lehrbuch der organitchen (Jhemie, oder der Chemie der 
Kofdensiqf- Verbindungen, 1869. 

* “ Wir deflniren also die organische Chemie als die Chemie der 
Kohlenstofi- Verbindungen. Wir seben dabei keinen Gegensatz 
zwisohen unoiganischen und organischen Verbindungen" {lehr- 
buek, i. 11). 
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Kekul^, like Gerhardt, incliided in his book a 
description of the oxides and other simple com- 
pounds of carbon. Schorlemmer, recognising the 
important part played <by hydrogen in the com- 
pounds of carbon, defined Organic ( Chemistry as the 
“Chemistry of the Hydrocarbons and their Deriva- 
tives.” This, however, is a definition belonging to 
more recent times {Lekrl/iu'h der Ki>ldrnntojj’-Vcrbiii- 
dungen oder dev Organ ischtn Chemle, 1H72 ; in Eng- 
lish, A Mannal of the (JhemiMrg (f tiu' Carbon 
ConijMunik or Orgioiic ChnniMrg, 1874). 

The definition of the province of “Organic” 
f’heinistry and investigation of the nature and 
constitution of “organic” compounds are matters 
of more than merely technical interest. They con- 
ceni the great question as to the .sources and dis- 
tribution of energy in nature, and the origin and 
operation of life itself. 

Previously to the publication of Bertheioi’s Cltiviie 
Organique fondle .snr la Syntldnf (181)0) no syste- 
matic research had been attempted in the direction 
of building up compounds of carbon, comparable 
with natural organic compounds, by the union of the 
elements of which they are compo.sed. Two notable 
though isolated examples of the production of or- 
ganic compounds by total synthesis are afforded 
by Wohler’s formation of urea in 1828, and Kolbe’s 
synthesis of acetic acid in 1845. That Wohler’s 
discovery should not have attracted more attention 
than it did for many years is all the more remark- 
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« 

able, because the author himself seems to have been 
fully aware ol' its significance. His words are as 
follows:^ “J’obtins le rcsultat inattendu quo par la 
combinaison de I’acide cyaiiique aveo rammoniaque 
il so produit <lo I’lireo; fait dautant plus remarquable 
qu’il ottre un oxemple de la formation artificiello 
dune niatiere organique et memo de nature animale 
an moyen do principes inorganiques. . . . Je ne 
parlerai pas tlavantage des proprietes do cette uree 
artificiello {)iiis(ni’elles sont tout-a-fait semblables a 
cellos quo Ton pout l.rouver dans Ics ecrits do Proust, 
Prout, ct autres sur ruree.” 

Kolbo’s process was more complicated.^ By the 
action of chlorine upon carbon bi.sulphido, which is 
formed by the union of its two elements, carbon 
tetrachloride is obtained, and at a red heat this 
compound is decomposed into chlorine and tetra- 
chlorctbylene, U/d4. In the preseiice of water, 
chlorine, and suidight, this compound yields tri- 
chloracetic acid, probably through the intermediate 
formation of hexchlorethane : 

2 H 2 O = CCI 3 .CO 2 H + 3H01. 

Trichloracetic acid mixed with water can be reduced 
to acetic acid by the action of sodium amalgam. 
It is almost needless to add that the acetic acid 
prepared by this synthetical process is identical in 
all respects with the acetic acid obtained from vinegar, 
which is the product of a peculiar fermentation. 

» Ann. Chim. Phyt. [2], 37, 330 (1828). 

* Chm. Soc. Mmoin, 2, 361. 
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The methods employed by Berthelot were for the 
most part simple and direct. Starting from carbon 
or one of its oxides, ho obtained several hydro- 
carbons from which, as well known even at that 
time, more complex compounds can bo built up. 
The following are a few examples of his processes. 

At the temperature of the electric are, carbon 
and hydrogen unite directly to form acetylene, 

The same compound is produced by tho action of 
the electric spark on a mixture of hydrogen with 
carbonic oxide, with carbon bisulphide, or cyanogen. 
From acetylene, by acting upon its peculiar copper 
compound by hydrogen in tho nascent sUito, ethylene 
is produced. Thus : 

2.fC +xU 2 = acetylene. 

+ , ethylene. 

Kthylenc united with the elements of water con- 
stitutes common alcohol. To clfcct this union the 
gas may be made to combine with a hydracid, 
especially with hydrogen iodide: 

C2H4 i HUCj-Ud, 

and the resulting comjMJund heated with potassium 
acetate gives ethyl acetate, from which, by the action 
of potash, alcohol may bo obtained : 

C. 2 H 6 I+ KI, ami 

KHO= KC.,H 30 j+ C jjHjHO alcohol. 

Alcohol may of course be employed as the starting 
point for the production not only of aldehyd, acetic 
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acid, or acetone, but i5f a large number of conipounds 
of more complex composition. 

Alcohol, however, is obtainable from ethylene by 
the simpler process of dissolving the gas in hot 
sulphuric acid, whereby sulphovinic acid is formed, 
and subsequently decomposing this compound by 
distilling it with water. 

C.2H4 + H2SO4 = C2H^.HS04 and 
C2H6HS64 + HjO = C2H6HO + H2SO4. 

Acetylene may bo employed as the material from 
which benzene and all its multitudinous train of 
derivatives may bo formed, for by the simple appli- 
cation of a moderate heat to the gas it suffers con- 
densation almost completely into benzene : 

3C..ll2=C„H,, 

At higher temperatures more complex hydrocar- 
bons, such as napthalono, (IjoHg, and anthracene, 
C14H40, are produced. But beside the direct union 
of carbon with hydrogen at the temperature of the 
electric arc, the formation of hydrocarbons from 
these two elements may be accomplished by the 
addition of one preliminary stage to the series of 
operations. Thus carbon may be conbined with 
sulphur, forming carbon bisulphide, and hydrogen 
with sulphur, forming hydrogen sulphide; if, then, 
these two compounds be transmitted simultaneously 
through a tube containing heated metallic copper, 
the sulphur is withdrawn by the metal, and the 
other elements unite at the moment of their libera- 
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tion in the presence of each other. A mixture 
chiefly of marsh gas and ethylene results : 

2H2S+CS,+4Cu = 4CuS+CH4, &c. 

Or carbon monoxide may be used as the parent 
material. This gas is not affected by caustic potash 
at the common temperature of the air, but at the 
temperature of 100° and upwards it Is absorbed by 
a concentrated solution of potash with formation of 
potassium formate : 

CO + KHO-KCHO^ 

From this compound formic acid itself may bo 
obtained, a substance originally procured by the 
distillation of ants with water, and in more recent 
times by the oxidation of various materials of 
vegetable origin. 

Such examples as those are sufficient to prove 
that compounds identical in every respect with 
the products of animal and vegetable life may bo 
formed from dead mineral matter. Berthelot was so 
anxious to cstabli.sh this point beyond the possibility 
of dispute, that ho gives in detail one series of 
experiments in which the carbon employed wjus ob- 
tained in the form of carbon dioxide from barium 
carbonate; it was then made to p^tss successively 
through the forms of carbonic oxide, formic acid, 
barium formate, ethylene, ethylene bromide, ethy- 
lene again, and finally into ethylsulphuric acid, 
and its crystalliseil barium salt from which alcohol, 
the ultimate object of these experiments, was gene- 
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rated. Water and carbon dioxide, then, were the 
only compounds from which the elements of this 
alcohol were derived. 

Chemists, then, were long ago completely con- 
vinced that so-called “ organic ” compounds, though 
frequently more complex than inorganic compounds, 
such as metallic oxides and salts, owe their existence 
to the operation of the same chemical affinity which 
governs the formation and transformation of these 
compounds. The peculiarities of their constitution 
arise from the facts pointed out nearly forty years 
ago by Kekule and hy (jouper (see Chapter V), 
namely that carbon, the essential element in all 
such combinations, posscs.ses the remarkable power 

unit iw) with iUelf atom to atom ; and secondly, 
that all the (;omhining units of such an atom or 
group of atoms maif he sitfurafed hy Injdroyen. 

(.^onsi<lering the now universal recognition of the 
true proviiH’o of Organic ('hemistry, it is unfortunate 
that the names humjanic and Organic should he still 
retained for the two co-ordinate departments of the 
science, and that the division between them, though 
practically necessary, should bo maintained in so 
absolute and arbitrary a manner. To speak of 
Organic chemistry at all, is only one of the many 
examples which might bo given of the etymological 
confusion which everywhere prevails in the language 
of chemistry. There are organic beings, and there 
may be a chemistry peculiar to their functions, but 
this is what would be rightly comprehended under 
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the term physiological chemistiy, or rather chemical 
physiology. All chemists, however, now agree that 
there is but one chemistry so far as principles are 
concerned, no matter how various may he its ap- 
plications. The sharp distinction and separation of 
inorganic and organic chemistry is in tcivching and 
learning a source of groat loss and inconvenience; 
for until a student has he(;omc acquainted with 
the properties of at least a few carefully selected 
carbon compounds, he can have no (rue idea of the 
relation of composition and constitution to pliysical 
properties, which is only to ho acquired by the 
study of the phenomena of isomerism and of series. 
Among metjdli<; and mineral compounds there is 
nothing corresponding to homologous series, unless 
we admit the relations which have been traced (see 
(.'hap. IV) between the atomic weights of certain 
elements and their properties. But these are far 
less regular than the relations observable among 
the members of a scries like 'the acetic series of 
acids. Moreover, a student who is limited to the 
study of .salts and other metallic compounds has 
few opportunities of observing the methods by 
which “constitution” is established, and even the 
processes and effects of oxidation and reduction can 
bo but imperfectly understood. 

Since the time of Berthelot’s experimental investi- 
gation of the conditions under which such carbon 
compounds may be formed, the art of chemical 
synthesis, the building up of complex from simple 

N 
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materials, has made remarkable progress. Not only 
the simple formic and acetic acids, but complex 
vegetable acids, such as tartaric, citric, salicylic, 
gallic, cinnamic; not marsh gas and ethylic alcohol 
only, but fats, phenols, indigo, alizarin, sugars, and 
oven proteins^ identical with those extracted from 
the tissues of plants and animals, are now producible 
by purely chemical processes in the laboratory. It 
might appear that such triumphs would justify 
anticipations of still greater advances, by which it 
might become possible to penetrate into the citadel 
of life itself Nevertheless the warning that a limit, 
though distant yet, is certainly set in this direction 
to the powers of man, appears to be as justifiable 
now, and even as necessary, as in the days when all 
these definite organic compounds were supposed to 
1)0 producible only through the agency of a “vital 
force,*' For even supposing the secret of the chemical 
constitution of all the colloidal proteid substances fully 
understood, the conditions under which such non- 
living substances could acquire the power of absorb- 
ing and using supplies of physical energy in such a 
way as to exhibit the cycle of events called “life” 
would still remain a secret. Until some idea can be 
formed of the relation of matter and the various forms 
of physical energy to consciousness, or oven to the 
apparently unconscious mechanism displayed by 
vegetable life, which includes the powers of growth 

‘ See the Faraday Lecture by Emil Fischer, /oum. Chem. Soc., 91 , 
1749 (1907). * 
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and reproduction, the triumphs*of synthetic chemistry 
will bring us no nearer to a revelation of that secret. 

Emphasis was at one time' laid upon a physical 
distinction between living and dead matter, that is 
the production by purely cliemicjil processes, and 
wthout the aid of living matter, of compounds 
possessing the power of rotating th(‘ piano of polarisa- 
tion of a ray of polarised light, in the manner which 
is so characteristic of many of the proximate con- 
vstituents of animal and vegotahle structures, such as 
the proteins, the sugars, and various hydrocarbons, 
acids, and alkaloids. This distinction has, however, 
disappeared, since it is known that optically active 
compounds can be obtaine<l without the intervention 
of living matter of any kind. The (picstion will be 
further discussed in the next chapter. 

The methods employed by the modern (“homist in 
the construction of carbon compounds, the mole- 
cules of which are known to contain many atoms 
of carbon, are so numerous that it is not possible 
in such a sketch <is this to do more than indicate 
broadly their general nature. It has already been 
shown how Berthelot and others succeeded in uniting 
the elements carbon, hydrogen, oxygen, and nitrogen 
into compounds previously believed to be derivable 
only from organic sources, hut such substances as 
formic acid, alcohol, and acetic acid are after all 
very simple in constitution, and between such com- 

' See •* AddreM to the Chemical Section of the Britith Ahsociatiem,” 
Bristol. 1898. by Professor F. B. Japp, President of the Section, 
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pounds as these and’ the common constituents of 
vegetable and animal juices there is a wide interval. 
Tartaric acid, for example, contains four atoms of 
carbon, citric acid six atoms, common sugar twelve 
atoms of the same element, while caffeine, the alka- 
loid of tea and coffee, contains eight atoms of carbon 
with four atoms of nitrogen ; an<l the blue colouring 
matter of indigo contains sixteen atoms of carbon 
and two atoms of nitrogen in the molecule. The 
art of uniting carbon to carbon has now become so 
familiar, that (dieniists arc apt to forget that its dis- 
covery and application is so recent that it really 
belongs to the present generation. Before attempt- 
ing to illustrate by an example or two the nature of 
the methods employed, it is necessary to remind the 
reader that advances in the direction referred to 
postulate certain fundamental ideas, the origin and 
development of which has already (Chap. V) been 
described. We believe now that in a molecule the 
constituent atoms are not thrown together confusedly 
in a general jumble, but that a definite order is 
maintained, and that this order can be, at least with 
great probability, inferred from the properties, modes 
of formation, and decomposition of the compound. 
In such a system it is recognised that some elements 
are united together directly and some indirectly, 
according to their respective valencies, into a struc- 
ture which, though it doubtless possesses great 
elasticity, is more or less permanent. So long as the 
compound retains its identity its constituent atoms 
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do not wander about, but ret^n their relative posi- 
tions ; whereas, if a change of relative position does 
occur, this is ininicdiately manifested by a change 
in the properties or chemical behaviour of the sub- 
stance. The knowledge which wo now possess of 
the “ constitution ” of so largo a number of chemical 
compounds is, of course, the outcome of an immense 
amount of patient labour, the utility of which has 
not always been obvious to the unlearned. 

One method of uniting carbon to carbon is based 
upon the peculiar properties of cyanogen and its 
coinjxjund with hydrogen, hydrocyanic or prussic 
acid, (.'yanogen is very familiar as a compound 
riulicle which is capable of playing the same kind 
of part as chlorine or bromine, and of being exchanged 
for either of those elements (see j). 14 ). If, then, 
such a substance as ethylene, which, as already 
explained, can be prepared from its elements, is 
first converted into its bromide, (yi^Br^,, the bro- 
mine may be exchanged for cyanogen by simply 
heating it with potassium cyanide. The com{X)und 
ethylene cyanide, C2H^(CN)2, results, and if this is 
boiled with an acid or an alkali the nitrogen is 
removed in the form of ammonia, while an equi- 
valent quantity of oxygen and hydrogen is intro- 
duced, and succinic acid, is obtained. 

This was accomplished by Maxwell Simpson in 
1861 ,' and since the means of (inverting succinic 
acid into racemic acid was made known about the 

‘ Proc. Rof. Soe,, 11, 190. 
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same time by Perkin f^nd Duppa,' here was a method 
of building up a complex vegetable acid by a process 
of purely chemical synthesis. 

This succession of operations may be traced in 
the following series of formube, whieh serve to show 
how the chemical constitution of tartaric acid has 
been determined : 

Ethylene. 

Ethylene cyanide. 

Succinic acid. 

Dibroino-siiccinic acid. 

OH(()H).CO.OH 

I Tartaric or racemic acid. 

Hydrocyanic acid has the power of uniting with 
many compounds, especially with aldehyds and 
ketones, in such a manner that its carbon becomes 
attached to the carbon of the aldehyd or ketone, 
while the nitrogen can afterwards be eliminated, if 
desired, by the action of dilute acids or alkalis, as 
already explained. In this way, for example, lactic 
acid, CgHgOj, the acid of sour milk, may be formed 
from aldehyd, CgH^O. 

‘ Quar^ Joum. Chem. Soc., 13, 102 (1861). 
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Another method of producing more complex 
from simple carbon compounds is founded on the 
tendency of many of them to undergo the process 
of polymerisation, or formation of new molecules 
by the union of several into one. The polymerisa- 
tion of acetylene into benzene has been already 
mentioned, and to this may be added such cjuses lus 
the conversion of aldehyd into jiaraldehyd, 

and the production of the sugar-like substances for- 
rnoso from formaldehyd, 

and acroso from glyceric aldehyd, 

2C,HoO 

Many such changes occur spontaneously in course 
of time or under the influence of heat. 

In other ciuses condensation is eflected by the 
use of agents which have a tendency to unite with 
water or with ammonia, which may be separated 
from the elements of the parent substance as a by- 
product, For example, acetone mixed with strong 
sulphuric acid yields water and trimethyl-benzene 
or mesitylene : 

aCjHeO-CVHu + SHp. 

Another \GTy interesting method of joining carbon 
to carbon arises out of the remarkable influence 
exercised by oxygen upon the properties of hydro- 
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geti atoms attached,^ not to the oxygen itself but 
to carbon atoms near to it within the molecule. 
Malonic acid, for example, contains a series of three 
carbon atoms, of which the central is united with 
two atoms of hydrogen, while the two lateral are 
combined with oxygen, thus : 

-CO-CII.^-CO - 

Now, when carbon is united to hydrogen only, the 
hydrogen is incapable of being disturbed by the 
action of sodium, and in compounds which contain 
three carbon atoms thus united, but all combined 
with hydrogen, contact with sodium or a sodium 
compound would have no effect. But if the ethereal 
salt of malonic acid is mixed with sodium ethylate, 
one of the two atoms of hydrogen is immediately 
replaced by sodium, thus: 

- CO-CHNa-CO- 

The sodium thus introduced may be easily ex- 
changed for a hydrocarbon radicle — ethyl, for 
example — by bringing the new compound into 
contact with the iodide, while the sodium is elimi- 
nated in the form of sodium iodide. A compound 
thus results, in which the carbon of the ethyl is 
attached to the carbon which was previously pro- 
vided with hydrogen only, 

-CO -OH -CO 

^e synthetical formation of large numbers of 
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complex compounds has beep effected by making * 
use of this principle. 

Enough has now been said to indicate the lines 
upon which research has travelled during the last 
forty years or rpore, but it must bo obvious that 
the practical success of such operations is greatly 
dependent upon providing the right physical condi- 
tions, and these can only be arrivf'<l at as the result 
of much experience in the laboratory. 

The artificial production of complex carbon com- 
ixjunds, possessing properties which render them 
applicable to a great variety of practical purposes, 
may.be justly regarded as one of the triumphs of 
modern chemistry. Many of these compounds, such, 
for example, jis sjilicylic acid, used extensively as 
an anti.septic and jis a remedial agent in medicine, 
indigo and alizarin as dyes, coumarin and vanillin 
as perfumes, are identical with the comjwunds pre- 
viously known only as products of vegetable life, 
and obtainable only from the substance of the 
several plants which yield them. Some of these 
discoveries, in consequence of which it has become 
possible to dispense with the cultivation or collection 
of large quantities of a plant, have been followed 
by economic results of far-reaching effect. One of 
the most notable instances of this kind is supplied 
by the case of alizarin, the chief red colouring 
matter of the madder root. The cultivation of this 
plant, the R'uhyx tiruiorvm of the botanist, of which 
the wild variety is found commonly in hedges in 



202 THE PROGRESS OF SCIENTIFIC CHEMISTRY [CHAP. 

Britain, has been for centuries carried on in the 

« 

south of Europe. It was introduced into the* south 
of France in 1766 by Jean Althen, to whom a 
statue was erected at Avignon, in recognition of the 
value of this service to the district. But in 1868 
the relation of alizarin to anthracene, a hydro- 
carbon present in the less volatile portion of coal- 
tar oil, was established by Clraobe and Liebermann.' 
Methods were immediately devised by W. H. 
Perkin'^ in this country, and by Caro, Graebe, and 
Liebermann^ in Germany, by which the manufacture 
of alizarin from anthracene became commercially 
possible. Henceforth the cultivation of the madder 
plant in the countries in which previously it had 
been a crop of considerable money value, and 
occupying large tracts of land, became unnecessary, 
and it therefore speedily declined, and has now 
almost disappeared. Perkin stated^ that the value 
of the imports of madder root into the United 
Kingdom had been previously about one million 
pounds sterling per annum; and when we reflect 
upon this, and upon the influence which is imposed 
upon the inhabitants of a country district by the 
necessity of learning now methods of cultivation, 
and of finding new markets, as the consequence 
of the exchange upon so largo a scale of one kind 
of crop for others, perhaps untried, the great im- 
portance of such a discovery becomes obvious. 

‘ Her., 1, 49 (1868). * Joum. Chem. Soc., 23, 133 (1870). 

* Her., 3, 369 (1870). * Lectures before the Society of Arts, 1879. 
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Of the very numerous subst^xnces now enianathig 
from the chemical laboratory, many others, like ali- 
zarin and indigo, are applicable as dyes, either to 
cotton on the one hand, or to wool and silk on the 
other. Substances like alizarin require the previous 
application to the fabric of some substance, called 
a “mordant,” with whicli they can unite, forming 
a compound which is not only insoluble in water, 
and therefore is not wa.shed out by water, but also 
exhibits a brighter and characteristic colour, the tint 
of which is determined by the mordant employed. 
Thus with alizarin a red colour is produced by 
alumina, a purple l>y peroxide of iron. The most 
famous of the.se artificial substances of strong tinc- 
torial power are, of course, the so-called “aniline 
dyes,” and the.se for the most part recpiire no mor- 
dant when applied to wool and silk. The story of 
the discovery of the first of the.so colours, the sub- 
stance originally called or aniline purple, 

has become so familiar, and has been followed by 
so many other wonders, that its interest may be 
thought to have faded ; but to Englishmen it 
ought always to serve both as a source of justifiable 
pride and as a warning for the present and the 
future. This discovery was made and was worked 
out into a practical process of manufacture in 1856 
by our distinguished countryman, William Henry 
Perkin, whose name has abeady been mentioned 
in connection with alizarin. But the manufacture 
of the vast series of colouring matters of every shade 
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anS tint, of which mfiuve must be regarded as the 
ancestor, has been gradually transferred to Germany, 
where the cultivation of “organic" chemistry has 
been fostered in the universities and technical high 
schools, while it was for a long time neglected in the 
corresponding institutions of this country. 

The history of the development of the coal-tar 
colour industry would alone be sufficient to occupy 
several volumes, and it is therefore impossible to do 
justice to it in these pages ; ' hut it should be men- 
tioned that the name “ aniline," applied popularly to 
these colours, is in a great many cases entirely a mis- 
nomer. Mauve and magenta were the colours first 
obtained, and they were formed by the action of oxi- 
dising agents upon commercial aniline, which at that 
time consisted of a mixture of aniline with some of 
its homologues, especially toluidine. A large propor- 
tion of the colours now manufactured are produced 
by chemical changes from other substances obtained 
from the constituents of coal-tar, for example, naph- 
thalene, and by the application of wholly different 
methods, of which the most important is the process 
known as “ diazotisation,” discovered by P. Griess in 
1865.* This consists in the introduction of two 
atoms of nitrogen, combined on the one hand with 

‘ An exceedingly interesting account was given by Perkin of his 
own career, and of the discovery of mauve and other colours, in 
connection with the Hofmann Memorial Lecture, May 1893, of 
which a full report appears in the Trantnetiont of (kc Chemical 
Society for 1896. 

• Joum. Vhem. Soe., 18, 2<»8. 
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carbon, and on tho other with an acid radicle or * 
other group. Most of these compounds are un- 
stable, and decompose with explosion when heated 
or struck, and are often rapidly affected by light. 

The problem presented by tho intense colour 
and tinctorial power of tho “organic” colouring 
matters has been much debated during the last 
forty years, but so far without the establishment of 
one general theory. In fact, it seems improbable 
that substances so diverse in composition and in 
constitution should agree in any one peculiarity of 
structure, to which the property of selective absorp- 
tion of light, that is, of colour, can bo fairly 
attributed. 

Tho influence of molecular weight in modifying 
the shade of colour was one of the first observa- 
tions made, and it was attended with practical 
results of great importance. The red dye of aniline 
— fiichsine, magenta, or rosaniline — as it, has been 
variously called, was converted into a series of other 
dyes, in which the red was gradually suppressed and 
blue developed, by the introduction of methyl, ethyl, 
phenyl, and naphthyl groups, which are simply 
composed of carbon and hydrogen, in place of one or 
more atoms of hydrogen in tho original dye stuff. 
We thus arrive at the following series : 

Itod. 

Ca,H,g(CH 3 )jN 30 .... Reddish violet. 

.... Pure violet. 

0»H„(CA)8N,0 . . . . Blue. 
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A remarkable fact rfbout these compounds is that 
the bases themselves, of which the formul® are 
given above, are colourless, and it is only in the 
form of salts that they behave as dyes. 

There is, however, a distinction to be recognised 
between substances which exhibit colour in the solid 
state or in .solution but which are not found to be 
capable of attaching themselves to vegetable or 
animal fibres, whether with the aid of a mordant or 
not, and sub.stanccs whicdi on the contrary do attach 
themselves to fibre and so act as dyes. 

The hydrocarbons generally, benzene, naphthalene, 
anthracene, for example, are colourless to the eye, 
but in the ultra-violet many of them produce absorp- 
tion band.s.' This corresponds to high oscillation 
frequency in at least parts of the molecule, and if it is 
loaded by the introduction of various radicles in place 
of part of the hydrogen, the absorption may be in 
some cases thrown back into the visible regions of the 
spectrum, and colour results. Thus benzene and phenol 
are colourless, but by interaction with nitric acid they 
give rise to pale yellow mono-nitro compounds, which, 
however, possess none of the properties of dyes. 
However, if from phenol the <n-nitro derivative, 
picric acid, CgH2(N02)3.0H, is prepared, it dyes silk 
and wool light yellow. There are many similar facts, 
which are perplexing and at present have received 
no adequate explanation. 

* Hartlej, Joum. Ckem, Soc., 39, 163 (1S81), and many later papers, 
especially Hartley and Dobbie, Joum, Chtm. Soc., 73, 698 (1898). 
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Two. principal hypotheses life,ve been put forward 
to connect colour and dyeing properties with chemical 
constitution. The former of those was proposed by 
Otto N. Witt in 1876.' According to this hypothesis 
tinctorial power is attributed to the introduction of a 
group called a chromoj)h()r, which entering a molecule 
of a particular constitution, called a chrmnoga) , 
produces colour. Thus NO 2 is a chromophor when 
introduced into benzene, but the product is not a 
dye unless one or more salt-forming groups, such as 
hydroxyl, are included at the same time. 

The second hypothesis referred to is based on the 
observation, originally pointed out by Graebo and 
Lieberrnann,^. that all organic colouring matters, 
certainly all those known at the dale of their paj)er 
(1808), are very easily converted into pale or colour- 
less substances (Icuco-coinpounds) by tlie a(;tion of 
reducing agents. From this they inferred that these 
coloured substances contain unsaturated elements, or 
that certain of their constituent atoms arc combined 
together in a peculiar intimate manner. These facts 
have been handled by Profc.ssor Armstrong in a 
series of papers, of which the first was communicated 
to the Chemical Society in 1888.’ lie appears to 
support the view that in every ca-se of colour among 
carbon compounds the substance has a constitution 
which is comparable with that of quinone, that is, it 
contains a closed ring of six carbon atoms, it is 

» Beriehu, 9, 622 (1876). ^ Berichk, 1, 106 (1868). 

* Proc, Chem. Soc,, 4, 27 ; alw Proc. Ckm. Soc.y 1892, 1893, 1896. 
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unsaturated, and incjudes two bivalent groups in 
either the para or ortho positions relatively to each 
other. The hypothesis requires to be somewhat 
clastic if applied to such cases as some of the 
coloured hydrocarbons and to such a compound as 
iodoform, which contains only one atom of carbon. 
There has been much manufacture of hypothesis in 
connection with this question of the prodiu^tion of 
colour, but the assumption of quinonoid structure in 
one of the components entering into the constitution 
of many dye stuffs is still in favour with many 
chemists.^ 

The production of coloured salts by certain colour- 
less acids, violuric acid for example, represents 
another class of changes in which isomerisation 
must bo admitted.^ 

Turning from the production of colouring matters, 
a survey of the applications of “ organic ” chemistry 
to useful purposes reveals such a variety and wealth 
of material that the pages of no single book could 
contain oven a superficial sketch of the whole. And 
it is not possible, therefore, in this place to do more 
than point out the most important of the directions 
in which the greatly enlarged knowledge of these 
modern times has been applied. 

The arts of peace and of war have alike profited by 
the discoveries of the chemist. In medicine the 


^ See, for example, Green, Joum. Chem. Soo., 103, 025 (1913). 

* See also M. A. Whiteley, /oum. Vhem. Soc., 77, 1040 (1900), and 
83, 24 (1903). 
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physici^ is now provided with a bewildering host of 
new agents. The introduction of antiseptics by Lister 
produced a revolution in the practice of surgery as 
great as that which resulted from the use of the aiues- 
thetics by which pain is abolished, and both these 
classes of agents are obtained from the laboratory of 
the chemist. And now we have a choi(X) of a great 
variety of chemical compounds produced by .synthe- 
tical processes, and of which the physiological action 
has been more or less conipletely investigated and 
shown to be applicable to the treatment ot dis- 
ease. It is only nece.s.sary to ro('all a lew out ol 
the scores of sul)stances which have been pro- 
posed for use. Among antipyretics there arc anti- 
febrine (acetanilide, CgHr,.NIl.(’. 2 H 3 ()), phenacetine 
(aceto- para-phenetidine, UljN H.CoHp), 

and antipyrine or phenazone (phenyl-dimethyl- 
isopyrazolone, (JH - (^'0 

il > n.c;h,). 

(KJHa-N.CH.,. 

Among anodynes and hypnotics there are paraldchyd 
(CeHijOj), chloral ((MJI3.COH) and its combina- 
tions, sulphonal (dimethyl-methanc-diethyl-sulphone 
(CH3)2C(S02C2H3).2), and others. Among anaesthetics 
there are not only the long familiar chloroform and 
ether, but many substances of value for the produc- 
tion of local insensibility to pain. Of these, the 
alkaloid cocaine and its various derivatives and 
substitutes are the most remarkable. The employ- 
ment of antiseptics has extended beyond the 

0 
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application made by <;lie surgeon in the treatment of 
wounds, and the sanitarian as disinfectants, to the 
preservation of milk, meat, fish, and various other 
articles of food, until it has now become a question 
whether the use of these substances in an indis- 
criminate manner may not before long require more 
serious legislative restriction. 

The use of explosives is not now confined to their 
application to warlike purposes. The discovery of 
nitro-glycerin ‘ and its employment in the form of 
“dynamite” have contributed in no small degree to 
the assistance of work which makes for peace, in 
road and tunnel making, in quarrying, in shattering 
rocky obstructions in rivers, and generally to the 
purposes of the engineer. Nitro-glycerin is a colour- 
less heavy oil which at low temperatures freezes into 
a crystalline mass. When first used in the liquid 
state, under the name of Nobel’s explosive oil, many 
accidental explosions occurred, but in 1867 Alfred 
Nobel ^ hit on the valuable idea of rendering it at 
once more easily portable and Icvss dangerous, by 
incorporating it with a certain proportion of kiesel- 
guhr, a fine silicious earthy material. The product, 
a stiff solid, has since been used under the name of 
dynamite in over increasing quantities. The name 
dynamite is now also applied to certain other mix- 
tures, containing nitro-gly 9 erine, in which the kiosel- 
guhr is replaced by charcoal or other solids. The 

‘ By A. Sobrero, Compt. Rend., 24, 247 (1847). 

» English Patent, 1346 (1867). 
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shattering power of dynamite* renders it less useful^ 
than old-fashioned gunpowder in mines and quarries 
whore the "getting” of the stone or mineral is the 
object in view. 

Discovered by Pelouzc about ISIW, gun-cotton is 
also a famous explosive ; but the difficulties attending 
its manufacture and storage at lii^t interfered with 
its production on a largo scale, while the rapidity of 
its explosion, as compared with that of the old black 
gunpowder, prevented for a. long time its use for 
artillery purp)ses. By attention to certain details in 
the purification of the cotton, both before and aft(T 
its immersion in the nitric acid, the stability of tin*, 
product is now insured ; and by mixing it with other 
nitrates, and with various combustible, but not 
explosible, substances which serve to diminish the 
rapidity of its combustion, and so damp the violence 
of its action upon the gun, explosives are now freely 
manufactured wliich are applicable to sporting jus 
well as to wjirlikc purposes. Thc.se mixtures, known 
tinder the names of Schultze’s powder, cordite, iStc., 
are valued for their smokeless combustion. 

It is unneco.ssary to add further to the list of 
applications which have been made of the "chemic 
art” so far as concerns compounds of which the 
atomic framework is composeil of carbon. The 
development of the industrial production of organic 
dye-stufts, drugs, antiseptics, explosives, illuminat- 
ing oils and gases, perfumes, artificial substitutes 
for natural india-rubber, ivor}', parchment, and many 
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Sther things familiaF in daily life, proceeds with 
increasing rapidity, and the pages of journals of 
chemistry are crowded with the description of new 
compounds. The fertility of the methods employed 
seems to show that for the present the commonly 
accepted views of structural chemistry are sufficient, 
and will perhaps prevail for some years to come. 
There are, however, indications that ideas of valency 
require considerable modification, and when that 
modification has been agreed upon changes in formule 
will undoubtedly follow. 

Some earlier pages of this chapter wore occupied 
with the consideration of the successive discoveries 
by which it has been shown that many of the 
definite chemical compounds, which were formerly 
derived solely from organic sources, have been 
successively produced by the operations of the 
chemist, independently of animal and of plant. 
Anyone who attentively considers the details of such 
laboratory processes as have been described, must 
at once perceive that the chemist and the organism 
proceed by very dilferent ways to the attainment of 
the same result. The methods of the laboratory 
commonly require the employment of strong chemical 
agents, caustic alkali.s, acids, and the like, as well 
as a high temperature. The range of temperature 
within which processes of growth, of secretion, or of 
excretion go on in the plant or animal is restricted 
to a few degrees; and the chemical changes occur 
within a medium, the sap or blood, the composition 
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of which is extremely complicated, and altogether 
unlike any reiigent employed by the chemist. 
Whether it will ever l>e possible to discover the 
precise nature and order of the changes by which 
a plant, for example, produces sugjir or starch out 
of carbonic acid and water, is a (|ue^tion which does 
not admit of profitable discussion in the present 
state of knowledge; but the study uf the remark- 
able changes whi<‘h go on in the long familiar 
process of alcoholic fermentation has led to a great 
extension of oiir knowledge of one class of agents 
employed in the living orgaTiism, and a brief outline 
of the successive theories whi<h have been advanced 
in regard to the nature of the fermentivo process 
itself will not bo out of place. As every one knows, 
wine is made from grajH^-juice, beer from solution of 
malt or sugar, cider from the juice of apples, and so 
forth. It is also familiar knowledge that the bever- 
ages which result agree in containing alcohol, which 
is formed, together with carbonic acid, out of the 
elements of the .sugar originally present in the liquid, 
and which after fermentation is much reduced, or 
altogether disappears. But every one does not 
know' what are the conditions which arc essential to 
this transformation, and what products, if any, are 
formed along with the alcohol and carbonic acid. 
Thanks to the researches of Pasteur, these condi- 
tions are now pretty weU established. A solution 
of pure sugar in water may be kept without change 
for an indefinite length of time, but if to this liquid 
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lidded a minute anjount of a phosphate, together 
with a little nitrogenous matter, even in the inorganic 
form of an ammonium salt, fermentation will set in 
almost immediately on addition of a small quantity 
of yeast, or, after a longer and variable interval of 
time, if the liquid is exposed freely to the air. If 
yeast has not been added, it will nevertheless be 
found in the liquid as soon as fermentation has 
manifestly commenced, and its presence has been 
traced to the admission of stray yeast cells or spores, 
which arc now known to exist along with other 
organisms, in countless numbers, floating in the air. 
During the process the temperature must not be 
allowed to fall below about 40° F., nor to rise much 
above (S0° F. 

The destruction of the sugar is indicated by the 
gradual loss of sweetness by the .solution, carbon 
dioxide gas makes its escape with effervescence, and 
the liquid retoins alcohol with a small quantity of 
amyl and other alcohols (fouscl oil) and succinic acid, 
which are always produced from the action of the 
yeast on the proteins present in small quantity in 
the raw materials. A little glycerin is also fonned, 
the source of which is uncertain. If a definite 
amount of yeast has been added, it will be found 
to have increased in quantity, and the cells of which 
it is composed show under the microscope the 
process of multiplication by budding. 

Reduced to its simplest form, this is the pheno- 
menon exhibited during the change of sweet vegetable 
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juices into wine, an art which hjvs been practiseil^ 
from the Cixrlieat times of which tra<lition lirings us 
an account. Notwithstanding its great antiquity, 
however, no deHnite knowledge concerning the 
nature of the process was secured until times well 
within tlie period to which this hook refers, and 
althougli various theories were proj)ounde(l at suc- 
cessive periods, from alchemical times onwards, they 
were for this very rcjison all beside the mark. The 
changes wliich have oecurn.'d within the last fifty 
years in the hvjwthesos relating to alcoholic fermenta- 
tion, have been brotighl about in consequence of 
the gradual recognition of the <‘s.sential part played 
in the process iiy the yeast which is always present. 

Of the several theories in the field forty years 
ago, the most generally accepted was that of Liebig. 
Hegarding yeast merely as a putrescent mass, ho 
supposed the peculiar state of atomic motion, 
hypothetically prevailing in all substances in that 
condition, to be transmitted by contact with the 
sugar to the atoms of that compound, which were 
thus .shaken asunder .so its to give rise to new 
products more stable than itself. This kinetic idea, 
not objectionable in itself, but only because it paid 
no regard to e.stablished facts, Liebig maintained in 
some form or other to the end of his life. But in 
science fact stands before authority, and notwith- 
standing the influence of the great German chemist, 
his theory was on the point of being finally over- 
thrown at the very time when, at the head of one 
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^of» his celebrated letters on Chemistry he was 
dcelaring the “theory which ascribes fermentation 
to fungi refuted.” ^ For in 1857 Pasteur began the 
long series of researches on fermentation upon which 
so large a part of his great fame rests. Reviving 
almost forgotten observations of Cagniard de la Tour * 
and of Schwann,® who had established the true nature 
of yeast as a unicellular organism of spheroidal form, 
invariably associated with alcoholic fermentation, and 
the life and fermentivo activity of which was de- 
stroyed by heat, Pasteur completely established the 
vitalistic theory of the process. According to this 
doctrine the change of sugar into alcohol and carbonic 
acid is a consequence of the multiplication in the 
solution of the cells of the yeast which, for the purposes 
of its own growth, apparently uses the sugar as its 
food ; while the alcohol and carbonic acid are to be 
regarded as excretory products, the various by- 
products resulting either from changes in the nitro- 
genous matters accompanying the sugar or partly 
as the result of metabolism in the constituents of the 
organism itself. Here is, then, an example of chemical 
changes which accompany the development of a 
specific organism under certain definite conditions. 
If the organism is changed, or the conditions are 
changed, different effects ensue. 

‘ Fourth edition, 1869, Letter xxi. 

^ ‘‘Mimoire eur la fermentation vineoee,” Ann. Chim. Pkyt., 68, 
206 ( 1888 ). 

* “Versuohe liber d. Weingiihrung und Fftulniss,” Pogg. Ann., 
41, 184 (1887). 
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But the decomposition of sugar into alcohol &n^ 
carbonic acid is not the only change which may 
be spoken of as fermentation. The lactic ferment 
is another organism more minute than yeast, and 
presenting a didbront rod-like form, which has the 
power of changing sugar into la(;ti(! acid. In this 
case the action soon comes to an end if the liquid 
is allowed to become acid, hut thi> is easily prevented 
hy stirring into the liquid a .sufficient (juantity of 
chalk, which ncutrali.ses the acid as hist as it is 
produced. A third organism is endowed with the 
s{)ecific function of breaking up huaic acid into 
butyric acid, carbon dioxide, an<l hydrogen. In this 
case a pe(!uliarity of the pro(;e.ss (consists in the fact 
that the presence of air is unfavourable to the 
development of the organism, and is even capable 
of su.sjxjiiding the process of fermentation. Jn like 
manner it ha.s come to be recognised that a con- 
siderable number of changes, formerly supposed to 
be purely chemical, are brought about by the influ- 
ence of minute cellular organisms, some of which are 
known as bacteria (fiaxTripia, a stick or staff) or bacUXi 
(baciUum, a little stick), from their cylindrical, rod- 
like, or spindle-shaptxl form.s. 

llie vitalistic theory of fermentation connects the 
chemical changes, of which alike the materials and 
the products have in many cases long I>een known, 
with the existence of certain lowly forms of life. 
The presence of these organisms in contact with the 
liquid, under proper conditions, determines the de- 
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.^orfiposition which their absence does not take 
place. This theory was practically established ^y the 
researches of Pasteur by the year 1861, and though 
in some minor particulars further knowledge is very 
desirable, the recognition of the main principle has 
been attended with consequences of importance so 
great as to be inestimable; for by means of these 
earlier discoveries Pasteur was led to the still more 
valuable pathological investigations which followed 
continuously down to the close of his life. To say 
that Piisteur effectually and finally disposed of the 
doctrine which affirmed the possibility of spontaneous 
generation, and that from the organic theory of fer- 
mentation ho was led to the “ germ theory ” of disoa.se, 
is to repeat what is familiar to all the world; but 
it is not possible in this place to follow the course 
of the marvellous discoveries connected with the 
chemical and phy.siological effects of micro-organisms, 
or ferments, tis they may all be called. And refer- 
ence is made to this subject only in order to lead 
back to a series of facts which have gradually come 
to light concerning the chemical properties and re- 
actions of certain nitrogenous constituents of animal 
and of vegetable tissues. The compounds referred 
to are soluble in water, are coagulablc, and in any 
case rendered inert by the application of heat, as 
well as by contact with strong chemical agents. 
Such compounds, which doubtless originate in some, 
at present mysterious, change in the “protoplasm,” 
or living substance, are endowed with the power of 
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transforming a relatively laj^e quantity of som(^ 
other comj)ouml into simpler material. They arc 
generally referred to as eazijmeH, or sometimes less 
appropriately as soluhle ferments, 'Fhese sul)stances 
are very widely ditfu.sed in both the animal Jind 
vegetable kingdoms, and many of them are concerned 
in processes \vhi(‘h have been long familiar. Thus 
it hits been known for a century <t more that malt 
contains a .soluble material (o which the name 
duixtoAe has been given, which has the power ol 
rendering starch .soluble in wat(‘r by c< inverting it 
into a kind of sugar. One of the most familiar of 
enzymes is the sul)stanco contained in rennet, a 
fluid obudned from the .stomach of the calf, which 
has the power of (roagulating the casein of milk, and 
is for this purpo.se employed extensively in I he manu- 
facture of chee.se. It has also long been known that 
sweet and bitter almonds in the dry state arc both 
without special odour, but that when the bitter 
almond is crushed in the presence of water, the 
characteristic volatile e.ssencc, consisting of benzal- 
dehyd, begins immediately to be formed. It was 
Liebig who discovered that the bitt(?r almond con- 
tains a crystalline substance, ainygdalin, C.20H27NO,,, 
which, in contact with a peculiar .soluble albuminous 
matter existing in both sweet ami bittei almonds, is 
resolved by the assumption of the elements of water 
into glucose, prussic acid, and benzaldehyd. The 
pungent oil of mustard is developed in an entirely 
similar way. In the “ pej^iin ” of the animal 



220 THE PROGRESS OF SCIENTIFIC CHEMISTRY [CHAP. 

^stdmach there is another example of a soluble 
enzyme, which in this case is specially active in 
causing the degnulation and simplification of the 
complex albuminoids of food, converting them into 
soluble materials called “peptones,” which probably 
pass directly into the blood and are assimilated. 
Great attention luis been given of late years to the 
recognition of these enzymes, and to the study of 
the ehanges which they bring about. Their re- 
markable activity is still a mystery, but the rapidity 
and energy of their special effects are often greater 
than the corresponding effects produced by the 
recognised chemical agents of the laboratory. 

It has been stated that the peculiar function of 
these compounds is “ hydrolytic ” ; that is, they are 
believed to act by causing the addition of the 
elements of water to a great variety of compounds 
which are then resolved into simpler molecules. 
This does, indeed, appear to be the usual mode of 
action exercised by these remarkable and complex 
substances. Nevertheless there is evidence that in 
some cases at any rate the process is reversible, in 
the same sense that so many other chemical changes 
are reversible, in consequence of the interfering in- 
fluence of the accumulation of the products of change. 

Cane sugar under the influence of an enzyme 
extracted from yeast jdelds “ invert sugar,” a mix- 
ture of equal numbers of molecules of glucose and 
fructose: 


^12® 28^^11 "b HjO * CjH jjOj -f C jH jjO j. 
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Maltosp, which is isomeric with cane sugar, spfit^ 
under similar conditions into two molcules of 
glucose : 

+ H,() -‘2CoU,,(V 

It has been discovered ' that tins process in the 
case of maltose is hindered by adding glucose to 
the liquid, and that when the enzyme is added to 
a strong solution of glucose some of it is (!on verted 
into maltose. Whether a solution of maltose or 
a .solution of gluco.se of the same concentration is 
employed, the tendency is to the production of a 
state of equilibrium among the products of the 
change, .so that the li(piid ultimately (*ontains 
maltose and glucose in the .same proportions to 
each other. 

But some of the.se soluble enzymes appear to l>e 
capable of acting in an altogether different way, 
for it has been found by E. Buchner '^ that yca-st colls, 
when ruptured by grinding with sand and a little 
water, yield a liquid which, after filtmtion, has the 
power of producing the fermentation of .sugar, 
although it appears to be quite free from yejist colls. 
The soluble subsUince, zymiuse, so obtained is 
apparently allied to the protciri.s, and its power is 
destroyed by heating to about 50° whereby an 
albuminous substance is precipitated. It may, how- 

^ A. C. Hill, “ Reversible Zymobydrolysi*,’’ Joum. Ckem. Sbc., 73 
(1898), p. 634 ; “ Reversibility of Enzyme or Ferment Action.” 83 
(1903), p. 578. 

» RerkAie, 80, 117 (1897). 
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^<3ver, be evaporated <to dryness and redissolved in 
water without destruction of its activity, provided 
the temperature has not been allowed to rise 
too high. 

We cannot doubt that substances of the nature 
of enzymes are generated abundantly in the tissues 
of both plants and animals, and that the secretions 
which are so intimately associated with the opera- 
tions of digestion and other functions of the body, 
owe their special chara(*,tcrs to the presence of 
peculiar substances of this order. There is also very 
little doubt that they are very similar in composi- 
tion, in constitution, and in chemical properties, and 
probably they have a similar, or nearly similar, 
origin; but of their differences we know practically 
nothing, except by observation of their different 
effects ; and as to their origin and modes of action, 
there can be in the present state of knowledge 
nothing beyond conjecture. That they are also 
connected with the manifestation of disease there 
. is great probability, and Jeimer’s great discovery 
and Pasteur’s extension of the same principle, in- 
volving the use of attenuated or modified virus to 
neutralise the effects of the morbid secretions in 
the body, are doubtless dependent upon the special 
chemical effects of complex substances having the 
character of enzymes. 

But here we reach the borderland where chemistry 
and physiology meet. Each has something to learn 
from the other. The chemist finds in the enzymes, 
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which, for the present are procurable only from Ih^ 
living organism which probably no laboratory syn- 
thesis will ever replace, agents whi<‘h are often indis- 
pensable in his study of the more complex carbon 
compounds. The physiologist, on the other hand, 
must acknowledge that structural chemistry Inis 
given him the clue to many otln rwiso inexplicable 
transformations hiking place in Uie body; while the 
pharmacologist and the physician, who are familiar 
with the history of the scientific lalaairs of Ftusteur 
from beginning to end, will admit that the discipline 
of the chemical laboratory is no bad ])r('|)aration for 
the business of the scientific pathologist. 


BIOGRAPHK^AL NOTES 

Henuy Edward ArmstuoN(j, Ph.D., LL.D., F.ll H. Professor 
of Chemistry in the City and (fUilde of London Central 
College. Retired 1913. 

Edoi’ard Buchner, (Jehoim-Rat. Ordinary Professor of 
Chemistry and Director of the Choinical Institute, University 
of Wurzburg. 

Charles Caomahd la Tot n, horn 3Ut March 1777 
French engineer, created a baron in isiH, Afterwards became 
a member of the French Academy of Science. 

Died 6th July 1859. 

[PoggendorfTs Handworlerbnchy vol. iv.j 

Heinrich Caro was born at Posen, 13th Feb. 1834. For 
three years a student in the Trade School in Berlin, he 
attended lectures at the University at the same time. In 
1856 he obtained a place in a cotton printing works at MUl- 
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Leifai. In 1869 he came tjo England and entered the hrm of 
Roberts & Dale of Manchester, in which he soon after became 
a partner. In 1867 he left England and settled in Heidelberg, 
where he assisted in building up the Badische Anilin und Soda 
Fabrik at Maimhoiin. 

Ho died in Drosdon, 11th Sept. 1910. 

The important part played by Caro in the development of 
the coal-tar colour industry can only be understood after 
reading the whole story of his life, 

[“ Heinrich Caro.” Nachruf v. A. Bernthsen. Bn., 45, 1987 
(191*2).] 


Jamkh Johnston DiumiK, M.A., D.Sc., LL.D., F.R.S. Prin- 
cipal of the (lovernment Laboratories. 

Baldwin Francis Dupi’a, born 10th Feb. 1828, at Rouen. 
A student under Hofmann at the Royal College of Chemistry, 
but worked chiefly in his private laboratory. Associated in 
researches with VV. H. Perkin, sen., and with E. Frankland. 

Died 10th Nov. 1873. 

Emil Fischkr, Excellenz, Wirklicher (leheim-Rat, F.R.S., 
Professor of Chemistry in the University of Berlin. 

Gkorgk Fownes, born 14th May 1815. Having early shown 
a taste for experiment, he became a pupil of Mr. Thomas 
Everitt, lecturer t>n chemistry at Middlesex Hospital. Sub- 
sequently he worked under Liebig at Giessen, and graduated 
Ph.D. Later he assisted Graham at University College, and 
lectured at Charing Cross Hospital. In 1842 he became 
Professor to the Pharmaceutical Society, and in 1846 Pro- 
fessor of Practical Chemistry at University College. He 
died of phthisis, Jlst Jan. 1849. Fownes was a very active 
experimenter, and among his discoveries may be mentioned 
furfural, furfurine, and amarine. 

[Obituary, Quart. Journ. Vhevi. Soc., 2, 184 (18.')0).] 

Carl Graebe, Qeheim-Bat, Professor (from 1878 till recently) 
in the University of Geneva, where he succeeded Marignac. 
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JoHA>iN PprrKR (iRiKBH, bom at KiA^hhosbach, Hesge-Cassel,# 
6th Sept. 182‘J. A student first at the Polytechnic in Cassel, 
then in the University of Jena, and in 1851 at the University 
of Marburg. In I8r)8 he caino to London as assistant in the 
Royal College of Chemistry under ILdinann. In 18(i2 he was 
appointed chemist in the brewery of Allsop vt Sons at Ilurton- 
on -Trent. 

He died suddenly at Hournomoutli, 'KUh Aug Ihkh. 

[“Zur Eiinnorung an Peter Griess ’’ Hy Hofmann, Emil 
Fischer, and C.iro. 7)Vr., 24, lief. l<Hi7 C 'DI) | 


Waltkh Nokl IIartlly, Knt, F.R S., was Ixtrn in 1846. 
After acting for .some years as Demonstrator of (Miemistry 
in King's College, Ixmdon, ho was apjxnntod Professor of 
Chemistry in the Royal (U)llego of Science, Dublin, from wdiich 
office lie retired in 1011. In llKJt) he was aw’arded the 
Longstafr Medal of the Chemical Society for his researches 
in spectro-chemi.stry 

Ho died 10th Septemlior 191‘I, 

VVii.LiAM Hknri, born at Manchester, 12th Deo 1771. 
Doctor of Medicine and manuffudurer of “ Henry’s magnesia,” 
Ac. 

Died 2nd Sept lK3b. 

[ PoggeridorH's llniuhntrh rhiu /«.] 

Artiu'r Croit Hill, M.A., M.D. Camb. Physician. 

Edmund Jkvnkk, born 17th May 1741), at Berkeley, Glos. 
A pupil of John Hunter. M.D , F.R.8. Discoverer of vac- 
cination. 

Died 26th Jan. 1823. 

[J Hrtionarrj of National liifHfraphy.] 

Carl Likrermann, Cleheim-Rat, Professor (Extraordinary) 
of Organic Chemistry in the University of Berlin, also Pro- 
fessor of Organic Chemistry in the Technical High School, 
Charlottenburg. 


P 
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^ Lord Lister (Joseph Ciister, 1st Baron), born at Upton, in 
Essex, 6th April 1827. A member of the Society of Friends. 
Educated at University College, London. In 1866 became 
Assistant Surgeon in Edinburgh Royal Infirmary, and in 1860 
Professor of Surgery in the University of Glasgow. At this 
time ho began his work on the application of the principles 
discoveied by Pasteur to surgery, and established the anti- 
septic system which has since been adopted throughout the 
world. In 180U ho was appointed Professor of Clinical Surgery 
in the University of Edinburgh, where he remained till he 
removed to King’s College, London, in 1877. Surgeon Extra- 
ordinary to Queen Victoria 1878, Baronet 1883, Sergeant 
Surgeon to King Edward VII, President of the Royal Society 
18()r)-l !)()(), Received the Order of Merit, and many other 
honours. 

Died lOth Feb. 11)12. 

[Obituary, /Vor. Rnij. Soc., vol, 86n (July 1913).] 

Alfuiu) Nobel, born in Stockholm, 2l8t Oct. 1833. Studied 
chemistry in St. Petersburg. Invented dynamite (1867), and 
founded many manufactories of smokeless powder. 

Died loth Dec. 1896. 

[ Rogge ndorft’s Haruiv'itrterbuch, vol. iv.] 

Louis Pasteur, born at Dole (Jura), 27th Dec. 1822. The 
son of a tanner in humble circumstances. Partly educated at 
Arbois, ho graduated B. cs L. at Be 8 an 9 on. In 1843 he gained ad- 
mission to the J^colo Normalo, Paris, attending at the same time 
the lectures of Dumas at the Sorbonne. His attention having 
been drawn to the study of crystals, he proceeded to a system- 
atic examination of the tartrates as related in Chapter VII. 
In 1848 ho was appointed Professor of Physics at Dijon, and 
soon afterwards at Strasbourg. In 1854 ho was made Dean of 
the Faculty of Sciences at Lille, and was led to the study of the 
process of alcoholic fermentation, one of the industries of that 
district. Here he established the vitalistic theory, and laid 
the foundation of the modern science of bacteriology. In 1857 
ho was recalled to Paris as Director of Scientific Studies at the 
lilcole Normale. In 1862 he was elected a member of the 
Academy of Sciences, Researches with important results 
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rapidly followed one another; spontaneous generation, tll6 
acetic fermentation, the souring of wine and l)eer, the silkworm 
disease were subjects which successively engaged his attention, 
and led on to the ideiitiHcatiou of putlut^ronic organisms, and 
later to the disct)veiy of the etiectn <if attenuated virus and 
immunisation from disease. 

The Iii.stitiit Piisliiir was ojieiied in Movember 1H8H, and 
there the lemains of the great discoveror rest. Ho died SiHth 
Sept. IH!):). 

[Pasteur Memorial Lecture. Ihui) p. Kiankland. Journ. 
Chrm. Sue., 71, GH.*! (IS!>7).1 


Wii'.MVM IHnk\ Pkhkis was Wn in London, l‘2th March 
18;3S. Having lecened some instruction in chemistry at the 
(’ity of I^uidon Scho«»l, h*' w’as admitted, at the early ago of 
liftuen, to tho Royal College of Chomibtry under Hofmann. 
He was sixin occupied with research, and whilo engaged on an 
attempt to synthesise ijuinine, obtained the tiist artificial dye 
“ mauve ” or aniline purple. Ten years later he was an inde- 
pendent discoverer of a pnM,’e.>*s, practicable <in a largo scale, 
for tho production of alizarin independently of tho plant. 
The later years of his life were devoted to a systematic inves- 
tigation of the rel.ition lietween tho composition of compounds 
of all kinds and their magnetic circular polarisation. Hut 
Perkin accomplished a largo amount of woik in other direc- 
tions, including the synthesis of glyetMine, coumarm, and 
tartaric acid. 

Ho died on I tth July 1J07. 

[Obituary notice by R. Meldola. Juurti ('lu)u. Sue., 1)3, 2214 
(lUOH).] 

JosKi’H Loi Pkoi hT, born at Angers 17f»r>. liecaino Uhief 
Apothecary at the Salptriire Hospital in J’aris. Afterwards 
Professor of Chemistry at tho Artillery School in Madrid 
till ho retired. Concerning his most important work see 
Bkrthollkt, Chap. I, p. 17. 

He died at his native town, 6th July 182fi. 

[PoggendortTs Handwnierhuch.] 


Carl Schorleiuier, boro at Darmstadt in 1834, Ha waa 
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ei!ucated at Darmstadt, aifd under Will and Kopp at Qiessen. 
In 1868 he came as private assistant to Roscoe in Owens 
College, Manchester. He remained as Demonstrator, and 
ultimately as Professor of Organic Chemistry in the Victoria 
University. 

Ho died in June 1892. 

[Obituary by A. Harden. Journ. Ckem. Hoc., 63, 740 (1893).] 

Theodor Schwann, born 7th Dec. 1810. M.D. Berlin 1834. 
Biologist, awarded the Copley Medal of the Royal Society 
1845. Professor at Louvain, and afterwards at Liege, Belgium. 

Died 11th Jan, 1882. 

[Poggendorft’’8 Handivorterbuch.] 

Ma.xwkll Simpson was bora at Beech Hill, co. Armagh, 
Ireland, on 15th March 1815. Having early determined to 
pursue chemistry, he attended first Dumas’ lectures in Paris, 
and afterwards worked for two years in Graham’s laboratory 
at University College. He then became Lecturer in Chemistry 
at a medical school in Dublin, and to (pialify for this position 
took the degree of M.B. This post, however, he relinquished 
in order to continue his study of chemistry, which he took up 
again under Bunsen at Heidelberg and under Kolbe at Mar- 
burg. In 1857 ho worked for two years with Wurtz in Paris, 
and then settled in Dublin and set up a private laboratory. 
In 1872 he became Professor of Chemistry in Queen’s College, 
Cork, and this ho retained till his retirement in 1891. 

He died in London, 26th Feb. 1902. 

[Obituary notice, A. Sumer. Journ. Clum. Soc.^ 81, 631 
(1902).] 

Otto Nikolaus Witt, Geheim-Rat, Professor in the 
Technical High School, Charlottenburg, Berlin. 
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CHAPTKH VII 

THE OKKJIX OF .STKKEO-( IIFMlsTUV -CONSTI- 
TUTIONAL FOHMUI..F IN SPACE 

When a ray of light pa.s.ses through a crystal of 
Iceland spar it exhibits the familiar phenomenon 
of double refraction; (hat is to say, the ray in 
entering the cry.stal divides into twj> rays, which 
emerging separately, give ri.se to two distinct images. 
These two rays arc pohu'iml at right angles to each 
other. Light fnay also be polari.sod by reflection; 
in that case, one half the light is reflected, the other 
half pusses into the reflecting surface, and is either 
stopped and cca,sc.s to pro<luco the ellect of light, 
or it is transmitted. 

The di.scovcry, however, which in connection with 

the subject about to bo di.scu.ssed |X)sscs.sea the 

greatest interest, was made early in the nineteenth 

century l)y the French physicist Biot. Ho found 

that a ray of light p)lari.sed in one plane has that 

plane twisted to the right or to the left in pa.ssing 

through certain substances of organic origin, such 

as sugar, camphor, and oil of turpentine when in the 

liquid state. He also observed that the angle of 

rotation of the plane of polarisation differs in dif- 
2a> 
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fereat substances, an^ is directly proportional to 
tfie thickness of the layer of transparent substance 
through which the ray passes. 

Now there are two classes of materials which 
have the power of rotating the polarised ray. 
Crystalline .solids, such as quartz or sodium chlorate, 
represent one clas.s, and the optical power which they 
possess in the solid state is lost when they are 
liquefied by fusion or solution in a solvent. In 
such cases it would appear that the optical activity 
of the crystals is attributable to a peculiarity in the 
arrangement of their molecules one upon another, 
and not to any want of symmetry in the internal 
constitution of tho molecules themselves. The other 
class includes those substances already mentioned, 
which exhibit their characteristic properties in tho 
liquid state. In such cases it is fair to infer that 
the arrangement of tho molecules has nothing to 
do with the phenomenon, which must be due to a 
peculiarity inherent in each molecule. 

Common tartaric acid, obtained from tho “ tartar ” 
deposited in the fermentation of wine, when dis- 
solved in water rotates the polarised ray very 
strongly to tho right. Its salts have the same 
property in different degrees. But the tartar got 
from grapes grown in certain districts (it was origin- 
ally observed in tartar from tho Vosges) yields an acid 
called racemic acid, which, while agreeing with tartaric 
acid in composition and in general chemical pro- 
perties, differs from it in being optically inactive, for 
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a ray of polarised light passas through a solution of 
the acid, or of oiio of its salts, unaltered. Raceinft; 
acid, however, has been shown to consist of a mix- 
ture of two kinds of tartaric acid in equal quantities, 
and having equal but opposite effects on the polarised 
ray. Further, the property of rotating a polarised 
ray to the right or to the left is associated in crystal- 
lisable substances with a pcculiariiy of crystalline 
habit, in consequence of which they produce crystals, 
the fundamental form of which is modified by the 
development of small faces on one side or other of 
the crystals. When the sodium ammonium racem- 
ate is dissolved in water, and the solution is con- 
centrated so as to deposit crystals, these (irystals are 
found to Ix) of two kinds, distinguished jVorn each 
other by the position of the hemibedral Awjes re- 
ferred to ; .some having these faces disj>osed on 
one aide of the prism, and some — an equal number 
— on the opjx)sito .side, so that the two forms 
differ from each other only jls an object differs 
from its image in a mirror, or as the right hand 
from the left. Consequently, such forms are not 
in any position superpcj.sable on one another. On 
separating thc.se crystals, .some will l>e found to agree 
with the cry.stals formed under similar circumstances 
from common tartaric acid, and like these, to turn 
the plane of polari.sation to the right. The others 
having similar faces, but on the other side of the 
crystal, turn the plane of polarisation to the loft, 
and the acid recovered from the.se crystals presents 
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a corresponding proj^erty. Common tartaric acid, 
fteing called dextro-\MtdiX\c. acid, the complerientary 
compound is called ^cetio-tartaric acid ; mixed to- 
gether in equal quantities they reproduce racemic 
acid. Many similar cases are now known. 

The discovery of all these important facts is due to 
Pasteur. Having been attracted at a very early age 
to the study of crystallography, he was led to repeat 
an examination of tartaric acid and the tartrates, 
published by De la ProvosUye many years previously. 
In the first of a series of memoirs, in which he 
describes his observations and experiments on the 
relations subsisting between crystalline form, chemical 
composition, and direction of rotatory polarisation, 
he found that while common tartaric acid and all 
the common tartrates exhibit hemihedral forms in 
their crystals, and that the hemihedrisni is always 
of the same kind, in paratartaric (racemic) acid and 
its salts hemihedral forms could not be detected. 
In the examination of these compounds he made 
the capital discovery already referred to. It will be 
worth while to quote his own words, written in 1848 : 
“Lorsque j’eus d^couvert ThemiMrie de tons les 
tartrates je me hatai d’etudier avec soin le para- 
tartrate double do soudo et d’ammoniaque ; mais je 
vis que les facottes tetraedriques correspondant k 
celles des tartrates isoinorphes, etaient placees rela- 
tivement aux faces principales du cristal, tantot 
droite, tantot k gauche, sur les differents cristaux 
quo j 'avals obtenus. Prolongees respoctivement ces 
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facettes donnaient les doux tJtraMres sym4triqties 
dont nous parlions precodemincnt, Jo s(‘parai avoc 
soin les cristaux hemi^dres k droite, les cristaux 
h^miedres a gauche ; j observai separcnient leurs dis- 
solutions dans I’appareil de polarisation do M. Biot, 
et je vis, avec surprise ct bonheur (pie les cristaux 
hemi^dres gauche dcviaicnt a gauche le plan de 
polarisation. . . . Les deux espia ts de cristaux sont 
isomorphes et i.soinorphcs avoc le tartrate corre- 
spondant; luais ri.soiuorphisme sc prcsento la avec 
une particularite jus(pri('i sans exernplo ; c’est I’iso- 
inorphism de deux cristaux dissyuKdricpies qui so 
regardcnt dans un iniroir,”‘ 

Pasteur was, of (suirse, not content to let his 
investigations .stop here. He protjceded to investigate 
the question whether the connection between rota^ 
tory polarisation and hcinihcdral crvstalli.sation arc 
in all Ciises connected together; in fact, whether 
from observation of (he one property the other may 
always bo predicted. Thc.se irupiiries led him to 
the experimental study of a number of substances 
other than the tartaric acids, aiming the re.st the 
imixirtant vegetable principle asparagine, which is 
obtainable from the juice of a number of plants, 
such us asparagus, marshmallow, and various species 
of leguminoste, especially, as shown by f’asteur, the 
juice of vetches blanched by exclusion of daylight. 
Having assured himself of the hemihedrism of the 
crystals of asparagine, Pasteur proceeded to examine 
’ ilHH. (.'Aim., 3rd sericH, 24, 45ii (184S) 
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the action of a solution of this substance on the 
polarised ray, and found that when dissolved in 
water or alkalis it deviates the plane of polarisation 
to the left. At this time only one kind of asparagine 
was known, but so confident was Pasteur in his 
belief in the correctness of the principles deduced 
from his observations on tartaric acid, that he did 
not hesitate to predict the discovery of a comple- 
mentary dextro-rotatory form, such that between 
these two kinds of asparagine the same relation 
would be found to exist as between right- and left- 
handed tartaric acid.^ Dextro-rotatory and inactive 
asparagine have, in fact, been since discovered. In 
the examination of one of the formates, the strontium 
salt, ho encountered a different phenomenon. In 
this case, while the crystals exhibit hemihedrism, the 
two opposite forms are always simultaneously pro- 
duced ; and when the crystals are separated, neither 
the right-hand nor the left-hand form dissolved in 
water exhibits any rotatory power. Moreover, while 
the dextro-tartrate or Icevo-tartrate, when recrys- 
tallised, never yield crystals of the opposite form, 
the formate, whether dextro or Iobvo, always gives 
a mixture of both kinds of crystal.** The explana- 
tion of the difference between these two cases was 
supplied by Pasteur himself. He says,® “Les faits 
pr4cMents conduisent k supposor que Th^miedrie du 
formiate de strontiane ne tient pas k I’arrangement 

* Ann. CAitn., .3rd series, 3l, 72(1861). 

* Loc. cit., p. 100. * Aoc. ciL, p. 101. 
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des atomes dans la molecule chimique, mais • k 
rarrangement des molecules physiques dans le cristaf 
total, de telle raaniero quo la structiiro cristallino 
une fois disparue dans lacto de la dissolution il 
n’y a plus de dissymetrie ; a peu pr<'s c<)mmo si Ton 
construisait un edifice ayant la forme oxtdriouro 
d’un polyedre qui otFrirait I'hemu'drie non mj^erpoa- 
ahle et quo Ton detruirait ensuite. " ' 

It appears, then, that if a substance in the liquid 
form possesses the power of roDiti ng the polar- 
ised ray, it will produce in crystallising hemi- 
hedral forms ^ which are not superposablo, and 
which have tlio mutual relation of an object and 
its image jus seen in a mirror. On the other hand, 
optical activity cannot Ix) inferred for the liquid 
state from the existence of hemihednil crystalline 
forms. 

The first to perceive the connection between all 
these phenomena and the question as to the internal 
structure of molecules po8.sc.ssing such peculiarities 
was Pasteur himself; and so far back as 1853 ho 
was able to anticipate to .some extent the views 
accepted later by all chemists. If in two substances 
composed of the same elements, united in the same 
proportions, and having the same chemical pro- 
perties, we can perceive only tho two differences 

^ In some of these cases the hemibeJral form only makes its 
appearance when a particular condition is estaldishcd In the solu- 
tion. Thus Pasteur himself showed that calcium bimalate crystal- 
lises in hemibedral forms from nitric acid but not from water. — 
Ann. Chim,, Srd series, 38, 437 (IHJJS). 
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already described i^.e. direction of rotation and 
^emihedral crystallisation), and in many cases only 
one of them, namely, the optical activity, we are 
driven to the conclusion that their peculiarities must 
be connected with some peculiarity of construction 
in the molecule. The atoms composing the mole- 
cule in one of these compounds must be arranged 
in some way which is repeated in the other, but 
in inverse order, so that the two would be related in 
the same way as an object and its image in a mirror. 
“Are the atoms of the dextro-acid grouped on the 
spirals of a right-handed helix, or placed at the 
solid angles of an irregular tetrahedron, or disposed 
according to some particular asymmetric arrange- 
ment?” If dextro- or lawo-tartaric acid is com- 
bined with .some substance, such as potash, ammonia, 
aniline, which is inactive, and hence devoid of 
asymmetry, the inactive .substance affects to the 
same extent the activity of both varieties of the 
acid; but if the two acids are combined with an 
active substance, such as the alkaloid cinchonine, 
Pasteur found that a pair of compounds results 
which differ in form, in solubility, and in other pro- 
perties. Wliile in the one case the rotatory power 
is the sum of the rotatory powers of the acid and 
the base, in the other case the rotatory power of the 
compound is the difference between the two. On 
these facts Pasteur based a method which has been 
since freely employed for the separation of the con- 
stituents of racemoid compounds. If racemic acid, 
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for example, bo saturated with' the active base cin- 
chonicine, the first crystals obtained from the solution 
consist of pure cinchonicine Icvo-tartratc, while the 
whole of the dextro-tartrate remains in the mother 
liquor, and can afterwards bo obtained in forms 
distinct from those of the hevo-tartratc. 

The ideas put forth quite clearly, but in ^Tneral 
terms, by Pasteur were long atierwards developed 
into a definite theory of structure, winch forms the 
foundation of that large department or aspect of our 
science which is called Stnro-rhf'iuisfrjf, or chemistry 
in space of three dimensions. 

But while the merit of creating the basis of this 
system of ideas, by providing the facts and showing 
clearly the direction in which further investigation 
should travel, belongs to Pasteur, it is only just to 
recall the fact that the necessity lor a theory ol the 
kind was perceived long before Pasteurs researches 
gave the clue which led ultimately to the conception 
of the doctrine of symmetry and asymmetry in 
carbon compounds. 

The fundamental idea of stereo-chemistry arises 
immediately out of the doctrine of atoms. Dalton 
himself and others of his time, promoters of the 
atomic system, were led to consider, though without 
giving the subject much attention, the question ol 
the arrangement which united atoms must occupy 
in space. Daltons diagrams {Cftemical Philoso'pfty, 
Part I) represent all the atoms lying in one plane, 
but the question was raised very definitely by 
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, Wollaston, so early ^as 1808, at the conclusion of a 
paper in which he brought forward experiments in 
support of the atomic doctrine.' He says, “I am 
further inclined to think that when our views are 
sufficiently extended to enable us to reason with 
precision concerning the proportions of elementary 
atoms, wo shall find the arithmetical relation alone 
will not be sufficient to explain their mutual action, 
and that we .shall be obliged to acquire a geometrical 
conception of their relative arrangement in all the 
three dimensions of solid extension.” But after 
giving some examples of possible arrangements, he 
goes on to .say that i\s this geometrical arrangement 
of the primary elements of matter is altogether conjec- 
tural, it must roly for its confirmation or rejection 
upon future inquiry, and ho adds, “It is perhaps 
too much to hope that the geometrical arrangement 
of primary particles will over bo perfectly known.” 

Leopold Gmelin seems to have been more in- 
clined to be hopeful, for in 1848 we find in his 
great Handbook of Organic Chemistry (vol. i., 
Cavendish Society Publications): “Suggestions re- 
specting the Relative Position of the Elementary 
Atoms in a Compound Organic Atom, assuming the 
truth of the Nucleus Theory.” “ Nearly all chemists,” 
he says, “adopt the Atomic Theory. They deter- 
mine the relative weights of the atoms, and their 

' “ On Superacid and Subacid Salts," by William Hyde Wollas- 
ton {Phil. Trans., 98 (1808), pp. 96-102). Reprinted by Alembic 
Club. No. 2. 
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relative distances one from the bthor, or the rolatfv§ 
space occupied by each atom of the combined 
substances, including the surrounding calorific en- 
velope; hypotheses are also made respecting the 
form of the atoms, &c. Why, then, should wo not 
likewise throw out suggestions with regard to their 
relative positions?” This ho f)roecods to do, and 
with the aid of certain a priori principles, bo arrives 
at the conclusion that potassium sulphate, for ex- 
ample, must have the form of a double four-sidoil 
pyramid, that ethylene has probably the form of a 
cube, alcohol and acetic a(;id other forms. All 
these forms, however, require the .’issumpt,ion of a 
certain number of atoms in each moloeulo which 
would bo dependent u|)on the atomic weights as- 
signed to each. As these have in many cases been 
changed since Gmclin’s time, his assumptions neces- 
sarily fall to the ground ; but the arguments employed 
are interesting, as affording an example of an early 
and serious attempt to attack problems of this kind. 
At the conclusion of the discussion he continues as 
follows : “ Even if the data of this investigation are 
defective or erroneous, I am yet convinced that all 
theories on the constitution of organic compounds, 
and all controversies as to this or that mode of 
writing rational formula?, if not supported by a 
plausible arrangement of the compound atom, will 
aid us but little in the acquisition of correct ideas. 
Look, for instance, at the controversy respecting the 
constitution of ether and alcohol between Dumas 



240 THE PROGRESS OF SCIENTIFIC CHEMISTRY [CHAP. 

^nd Boullay on th^ one side, and Berzeli^is and 
Liebig on the other. According to the former, ether 
is a compound of etherine with water =04114 Aq, 
and alcohol = C4H42Aq ; according to the latter, the 
hypothetical radical ethyl =€4115 forms with 0 the 
oxide of ethyl = ether; and this with the addition 
of lAt. water forms the hydrated oxide of ethyl 
= alcohol =041150 4- Aq. Now, on comparing these 
views with the explanation given, it appears probable 
that neither of them is right. At all events, neither 
ether nor alcohol can be supposed to contain water 
ready formed. They are not hydrates ; if so, they 
would surely give up this water to burnt lime or 
baryta, which, however, is not the case. Neither is 
ether converted into alcohol by solution in water. 
On the other hand, ethyl is a fictitious compound, 
supposed to combine like a metal with oxygen and 
with chlorine, forming compounds analogous to the 
metallic oxides and chlorides. Thus hydrochloric 
ethor=C4H5Cl (=C4H3Cl,H.,.Gm) is regarded as 
chloride of ethyl; but it does not precipitate silver 
solutions, &c.” 

Long afterwards, in 1872 , the study of the 
lactic acids led Wislicenus again to perceive that 
the then existing conceptions of atoms and their 
union together were insufficient to explain the 
facts, and to suggest that they might be accounted 
for “durch verschiedene Lagerung ihrer Atome im 
Raume.”^ But there the matter rested till the 

‘ Ann, Chim., 166. 3 ; 167. 302, 346. 
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theory^ of Van’t HoiF and Le fi#l was enuriciatod CWo 
years later.^ What Van’t Hoff and Lo Bel dis- 
covered was the remarkable fact that, in carbon 
compounds which exhibit the property of rotating 
the polarised ray in cither direction, tbo molecule 
in every case contains at least one atom of carbon 
combined in four different way>, that is, having 
its four units ol valency occaipied with radicles 
of different composition, and tberefore usually of 
different combining weights. Thus in succinic acid, 
an example ol an optically inactive comj)ound, there 
are four atoms of carbon, the affinities of which are 
disposed ot according to the order displayed in the 
following diagram : 


Slhvinic Acid. 

0 H 11 0 

i; I I -I 

H_0-C-C--0-C O-II 
1 I 

H H 

In chloro-succinic acid, we liavc a compound in 
which the carbon atoms are linked (ogetber in the 
same order, but one of them has ex(diangcd .an atom 
of hydrogen for an atom of chlorine : 

* Voorste/ (vt uitbreidinff der Ktriirfunrformvlri! m ruimti', ]i'Am- 
phlet published by J. H. Van't Hoff, Sept. 1S74 republished uiuier 
the title tS^ur formufeg de xtructure dam {'(XjiH’C Arrhiict AVer- 
land, 9, 1874, pp. 445-454; Bulletin Soc. Chim., I’ari.s. 23, 1875, jip. 
296-301. 

Sur Us relations qui ejcutent entre let formu/et aVmxqun dn corpt 
organiqiitx, et Ic pouvoir rotatoire de Uurt diuolutumt. By J, A. Le 
Bel, Bulletin Soc. Chim.., Paris, 22, 1874, pp. 337-347. 
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Chloro-succinic Acid. 

0 H Cl 0 

II I I II 

H-O-C-C-C-C-O-H 
1 I 
H H 

In this molcule, then, one atom of carbon is attached 
to four different atoms or groups, for it is united to 
(1) H, (2) (Cl),, (3) CH 2 , and (4) CO.O. This com- 
pound is known in two optically active forms, which 
show the same kind of relation to each other which 
has already been observed in the case of tartaric 
acid. 

Tartaric acid itself contains two atoms of carbon 
in the same kind of condition, each united with 
(1) H, (2) OH, (3) CH.„ and (4) CO.O. To explain 
the effect of this upon the optical properties of the 
compound, a further hypothesis is required. In all 
the early speculations regarding the nature of atoms, 
it seems to have been assumed, as it was by Dalton 
and Wollaston, that the “virtual extent” of each 
atom is spherical. Since that day several other 
hypotheses have been suggested concerning the 
nature of the atom, of which one of the most im- 
portant was Lord Kelvin’s notion of vortices ; and it 
will be obvious to every one who considers the sub- 
ject, that our views of the process of chemical 
combination must be seriously affected by the idea 
in the mind of the form and nature of the atoms 
supposed to be in the act of union. 
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The idea which has proved most fertile is *one 
which appeared for the first time in a paper t)y 
Kekule in 1867 .^ At that time ho was still engaged 
in the elaboration of the great doctrine of the link- 
ing of atoms, of which, as already shown (Chap. V), 
we owe the chief development to his insight. And tho 
use of models, as well lus of “ graphie ” lormula*, was 
beginning to be freely practised by tho more ad- 
vanced chemists. At tho end of a paj)er on the con- 
stitution of mesitylcne, in a kind of supplementary 
note, Kekule pointed out that the models then most 
in favour, consisting (d‘ spherical halls joined together 
by rods, were no better than diagrams, since it was 
impo.ssihlc to display combination between two atoms 
by more than one unit (»f valency; an<l, moreover, 
everything was rcprescntc'd as lying in tho same 
plane. But by using a sphere to represent tho atom 
of carbon, and four rods to represent its lour affinities, 
placed in the directions of four Itexhedrol axes endiiu) 
i7i the faces of a tetrahedron, these difficulties could 
he got over, and two such models placed together 
could be used to represent union by one, two, or 
three units. Van’t Hoff adopted and has pursued 
with mo.st brilliant success the consequences of this 
remarkable idea.® 

* ZciUchrift f. Chem, (1867), N,F. iii. 217. 

* For details concerniDg the verification of the theory, and the 
removal of difficulties in its way, arising chiefly out of erroneous 
observations, see Van’t Hoff’s Dix Annie* dnnt Vhi$Unred utie Thiorit, 
of which an English edition has Vx*cu preparetl by Mr. J. K. Marsh, 
Clarendon Press. 
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An atom of carbon, then, is generally believed to be 
capable of combining with four other atoms and no 
more, and is therefore said to be tetrad or quadri- 
valent. The carbon atom is supposed by this 
hypothesis to bo accessible only in four different 
directions, which are representable by the four 
straight linos which may be drawn from the centre 
of a regular tetrahedron to its solid angles. The 
centre of mass of the carbon atom is supposed to be 
situated at the intersection of these lines, or at the 
centre of the figure. A model to represent such an 
arrangement could be easily made by means of a 
ball of wood and four wires of equal length. If two 
such models bo constructed, and the wires marked 
by tipping thorn with beads of different colours, or 
in some other way, it can easily be sbown that two 
distinct arrangements l>ecome possible. In the fol- 
lowing figures the letters a, h, c, d represent the 
atoms, all different, which we may imagine to be 
united, as in chloro-sueeinic acid, to the same atom 
of carbon ; 


n h r a c h 



d d 

A consideration of these figures will show that the 
one is not superposable upon the other so that the 
same letters come together. Any change in the 
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planc^of polarisation produced^ by one of these sthic- 
tures would bo also produced, but in the inverse 
sense, by the other structure. The exact mechanism 
of this process cannot at present be described, be- 
cause we have no more positive knowledge as to the 
internal constitution of a molecule than we have of 
the atoms composing it. Pasteur, as already stateil, 
frequently used the analogy of a spiral with a twist 
to the right or to the left, according iis the mole- 
cule possessed dextro- or hevo-rotatory powers. 

The use of models assists materially in the con- 
sideration of the problems arising out of this hypo- 
thesis. One of the first (juestions which arise relates 
to the direction in which the .several valencies of an 
atom of carbon may bo suppo.sed to bo exerted. If 
the direction of these bo supposed to be absolutely 
fixed, then it can be shown that (1) two carbon 
atoms cannot unite by two bonds, nor by three, 
because that would involve the distortion of the 
atom ; and (2) three or more carbon atoms cannot 
unite to form a ring, for the same reason. 

Hence it seems that if the direction of the attrac- 
tions of carbon for other atoms can be determined 
at all, the line of attraction must be rather easily 
displaceable from the normal, or it operates some- 
what like the pole of a magnet, that is, there is a 
certain fidd. The analogy between the attractions 
of two atoms for each other, and the attraction 
exercised between the opposite poles of two magnets, 
or between a magnet and a piece of iron, may in 
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fact* bo considerod as V)xtending even further.. For 
just as the presence of a mass of iron in the neigh- 
bourhood of a magnetic pole seems to absorb the 
lines of magnetic induction and so reduce the action 
of the magnet upon other bodies placed near, so 
the addition of one clement to another in chemical 
union diminishes the tendency of either to combine 
with a third element, but does not, in the majority 
of cases, absolutely extinguish this tendency. Hence 
wo have what has been called “residual valency/’ 
which, whatever may bo the fate of the various 
hypotheses concerning it, gives rise to very well 
marked phenomena of combination. It is, however, 
usually believed that two carbon atoms may actu- 
ally be united by two or more units of valency, but 
that in all such cases the combination is not only 
not more secure, but is decidedly more easily broken 
up than whore one bond only of each is employed. 
To account for this difterence, so contrary to what 
might bo at first sight expected, two chief hypotheses 
have been proposed. The first, which originated 
with Von Baeyer,^ is based upon the same hypo- 
thesis with regard to the carbon atom as that of 
Le Bel and Van’t Hoff. If the valencies of the 
carbon atom act along the lines drawn from the 
centre to the solid angles of the regular tetrahedron, 
these lines form with each other angles of 109® 28'. 
If two carbon atoms are so situated towards each 
other that two valencies of each are united to- 

1 Ber,, 18 , 2277 . 
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gethe^ so that the directiohs of the two lare 
parallel to each other, each is turned out of ils 
normal position by an angle of 54® 44^ ; and if two 
carbon atoms are similarly joined by three units of 
valency, each of these must deviate 70° 32' from its 
normal position. It is known that combination by 
double or triple bonds is easily converted into union 
by single bonds in all ctiscs of this kind. Such 
substances as acetylene and ethylene are saturated 
with great readiness, not only by bromine, but by 
hydracids, and even by iodine, and the tension is 
thus relieved. 

m, V,U,\\r 

li I I 

CH,^ CHJJr tH,Br 

Ethylene. Ethyl hroinido. Ethylene bronhdo, Slc, 


V. Baeyer also pointed out that in the formation 
of rings of carbon atoms the distortion of tho atoms 
diminishes as the number of carbon atoms increases 
up to five. In a ring of six carbon atoms united by 
single bonds the distortion is a little greater. Tho 
following angles represent the extent to which the 
direction of each valency is di.sturbcd ; 


CHj CHj 

A i I 

CH, CHj CHr-CHj 
24 " 44 ' 9 “ 34 ' 


cu, 


CHj 

/\ 


/x 

!CH, 

CH^ 

|CH*CH2 

1 

1 


IcHolCH, 

^CH, 

X 

0"' 

44' 

■f 5M6' 
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The other hypothisis, proposed by Wunderlich,* 
is* based upon the idea that the relative force of 
attraction between the two units of valency depends 
upon the relative distances through which they 
have to act. Briefly, the hypothesis is somewhat 
as follows. The carbon atom is a sphere from which 
four equal .symmetrically placed segments have been 
removed, and the circular faces thus formed are 
situated in the planes of the four faces of a regular 
tetrahedron. When combination takes place between 
two carbon atoms the most intimate union is that 
in which two of these faces are placed parallel to, 
and probably very near, each other (see Fig. a). A 
less intimate union occurs when the centres of gravity 
of two faces of one atom attracts two faces of 
another (see Fig. h). The two tetrahedra have then 
a common edge, the two pairs of faces forming equal 
angles with each other. And, liustly, three faces of 
one may attract equally three faces of the other, and 
so cause the two tetrahedra to bo applied to each 
other by one of their solid angles (see Fig. c). These 
three positions correspond to combination by single, 
double, and triple bonds. 


a i e 



‘ Coryfig^rcUion Organiteker MolekuU, WlUrtiburg, 1886. Abstract 
in Her., xix. 592o. 
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According to this assnmptio\i it is only possible 
for the atoms to touch each other when united by 
the single bond, as shown at a. 

When two asymmetric carbon atoms are united 
together the number of jwssible isomeric forms is 
greiiter. Tartaric acid is a cjuse of this kind. Four 
isomeric acids of the' same composition are known, 
namely : dextro-tartaric acid, kovo-tartaric, meso- 
tarUiric, and racemic acids. Racemic acid is known 
by the researches of Pjusteur, made forty years ago, 
to consi.st of a mixture or molecular compound of 
dextro- and la^vo-tartaric acids. Those two latter 
are supposed to be related to each other in the 
manner indicated in the following formula*: 



OH 



CO.OH 




H 


1 CO.OH 
OH 


which may be more briefly written : 

r I 

I and I 


where the letters r and I represent an arrangement 
which results in right- or left-handed rotation of the 
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j^cflarisod ray. Meso* tartaric acid, which, as already 
explained, is optically inactive, though containing 
two asymmetric carbons, is by an extension of the 
same hypothesis represented as 

H 

HO CO.OH 

\ 1 / 


on 

Van’t Hoff long ago indicated that when two 
carbon atoms are united together by a single bond 
they may bo supposed to be free to rotate about an 
axis which is in the line representing the direction 
of the uniting valencies, and that if two carbons are 
joined by two or more bonds rotation becomes im- 
possible. This hypothesis was first made use of by 
Wislicenus in 1886, and has been the subject of a 
good deal of discussion since. 

It may bo assumed that the radicles united to 
two adjacent atoms of carbon will be likely to 
influence each other,' and, according as they attract 
or repel each other, rotation may or may not occur. 
Thus it may^ be supposed that in Dutch liquid the 
chlorine and hydrogen atoms probably attract each 




* The relatiTO masses (atomic weights) of the atoms or atomic 
groups may have something to do with this. 
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other. JEence there can be only one stable form dj 
this compound, viz. : 


H 

H I 01 



other arrangements piussing .spontaneously by rota- 
tion into this.^ Succinic acid also is known in only 
one form, which probably has the following struc- 
ture: 

li 

H I CO.OH 



CO.OH I H 
H 

If this be so, it seems to follow that rotation must 

‘ That atoms which are not directly united do infloence each other 
is certain from such cases as the 0 of the carboxyl group— CO.OH, 
which increases the activity of the H in the adjacent hydroxyl ; the 
acid characters of bromnitroetbane ; the loss of basic power in 
the ohloranilines resulting from the introduction of the negative 
chlorine, Ac. 
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occur when water is lost and the anhydride i^ formed 
under the influence of heat : 

H 

I > 

c-c=o 

IT I 

H 

From otlicr similar cases it appears probable that 
the formation of rings, in which four carbon atoms, 
or [our carbon atoms and one oxygen atom are 
concerned, probably occurs in one plane. And Von 
Haoyer has pointed out that the interior angles of a 
regular pentagon arc very nearly equal to the angle 
which the valencies of carbon in their normal position 
form with one another (see diagrams, pp. 244, 247). 
This appears to explain such facts as the ready produc- 
tion of anhydrides from dibasic acids, such as succinic 
acid, already referred to, and phthalic acid, &c. ; also 
the formation of lactones by loss of the elements of 
water by the y hydroxy-acids of the fatty series, 
such as oxybutyric acid. It is certainly interesting 
to compare the action of heat upon a acid with 
that of a y acid of the same series ; for example : 




CHjOH 

OH., 

(ijHj yields 

II 

OH 

f 

io.OH 

CO.OH 


Hjdmorylic acid. 


Acrylic acid. 
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CHaOH 

CH, 

i 

CH, 

1 \ 
CH, \ 

1 yields 

1 

CH. 

CH., 

1 

1 

CO.OH 

(!o 


OxylnUync acl.l. Hut \ rolar tone. 


One or two other questions relating to the origin 
or constitution of optically active bodies have been 
the subject of discussion and much experiment. As 
they are still unsettled, they may he dismissed 
briefly. Attempts have been made to trace a re- 
lation between the degree or am<mnf of rotation 
produced by a compound and the vutssrH of the 
radicles which enter into its composition in union 
with the asymmetric carbon atom it contains. It 
has been found in .some cases whirh have been 
examined that two of the four groups may have 
the same weight, and yet the (iompomid is still 
active. Guye therefore supposed^ that not merely 
the masses of the atomic groups hut their relative 
distances from the carbon to which they are attached 
may influence the rotatory power. Some regula- 
rities which .seem to support these views have 
actually been observed by Guye; but on the other 
hand there are many cases which are incompatible 
with them. 

There appears to be .some reason for thinking 
that it may be possible to trace the effect of each 

‘ Compt. Bend., 116, 1461 (1893). 
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Constituent of an •optically active body upon its 
^•otatory power, but at present no determinations 
have been placed on record which are sufficient to 
set the question at rest.' It would appear probable 
that this problem will assume and retain for a long 
time the position and aspect presented by the some- 
what similar questions which arise in connection 
with many of the physical characters of chemical 
compounds. The specific or molecular volumes of 
liquids and solids, their magnetic rotation, their re- 
fractive power, and oven their boiling points, may 
each bo represented by numerical values which 
arc respectively the sum of terms which are nearly 
but not absolutely constant, and which may be 
attributed to the several constituents of the com- 
pound. But just as it is impossible even now to 
assign an invariable value to the specific volume, 
tor example, of an elementary atom, so it is not 
very likely that the specific rotation produced by 
a particular asymmetric group of atoms will be 
found constant; and in both causes for the same 
reason, namely, that notwithstanding the accepted 
doctrine of atom-linking, based on the idea of 
valency, there can be no doubt that in a molecule 
every atom exerts an influence, greater or less, on 
every other atom. 

Closely connected with the inquiry as to the effect 
upon the, plane of polarisation of the constituent 
radicles in a compound is another which has arisen 
‘ See J. W. Walker, Jotim. Chem. Soc. (1896), 67, 914. 
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out of the researches of Wulden. Compounds 
which contain asymmetric carbon, and hence ai% 
capable of existing in two sterco-isomeric forms, 
when produced from inactive materials by ordi- 
nary laboratory processes, invariably appear in the 
racemic condition; that is, an equal quantity of 
each oppositely active variety is produced. It now 
appears, however, that starting from one and the 
same Jictive compound, a given derivative formed 
from it may exhibit a roUitory power the same or 
the reverse of that of the parent substance. From 
Icevo-m&Wc acid is produced, by the action of penta- 
chloride of phosphorus, a chloro-.succinic acid which 
is dexiro-roUiti)Ty} Replacing the chlorine in this 
compound by hydroxyl, a malic acid is reproduced, 
which is also (kxtro-roUitory. This malic acid, 
treated with phosphorus pcntachloridc, gives Iwvo- 
chloro-succinic acid, from whi(;h /<cro-malic acid 
identical with the original suhsUnce may he re- 
generated, Phosplioric chloride appears therefore 
to have a peculiar power in such cases of causing 
optical inversion, a property which, in certain cases, 
is shared by other reagents such as the alkalis. 
Natural itcvo-iusparagine and the aspartic acid formed 
from it yield, by the action of nitrosyl chloride, 
iaryo-chloro-succinic acid ;^ while, jis stated above, 
the malic acid derived inm the same substances 
yields, by the action of phosphoric chloride, a chloro- 

‘ Walden, i5fr., 29, 133(1896). 

* Tilden and Marshall, Joum. Chem. Soc., 67, 494 (1895). 
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succinic acid of opposite sign. Walden’s production 
<ff optical antipodes may be represented by the fol- 
lowing diagram : 

I. Malic + PC16. 



d. Malic 1 PCI,,. 


During recent years the problems presented by 
this interesting discovery have been attacked by 
many investigators, and there has been much specu- 
lation as to the mechanism of the changes of con- 
figuration attending what is now familiar as the 
“Walden Inversion.” Among these one of the most 
important is the hypothesis of Professor Emil Fischer,^ 
which assumes the formation of an intermediate 
conjunction of the molecule of the carbon compound 
with that of the agent w’hich is employed. An 
internal rearrangement is then supposed to occur, 
whereby a new compound is formed in which the 
substituent enters either in the same position as 
that of the element or group removed, or in another 
position which brings about the change of sign in 
the optical activity of the product. 

The hypotheses of which an outline has been 
> AnnaUn, 381, 123 (1911), and 394, 362 (1912). 
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given relate to the atom of the l3lcmont carbon ; hut 
considerations of this kind, if valid in the case 8f 
one element, must bo applicable to others. Accord- 
ingly, many attempts have been made to isolate 
optically active isomoridcs from inactive comjioimds 
of which the chemical composition indicates asym- 
metry. The first success was ;o Ii1cv(m1 in the case 
of nitrogen. Lc Ik'l .slioweil, long ago as 1801, 
that when mothylethylpropyli.sobutyl ammonium 
chloride is acted on by moulds, a l.i-vo-rotatory form 
of the salt (!an bo isolated.’ A few years later Pope 
and P<iacb(‘y“ demonstrated the possibility of obtain- 
ing compounds in winch the nitrogen atom a.s,soci- 
ated with one atom of hydrogi'n appi^ars to be 
capable of forming a nucleus for ti'trabedral asym- 
metric compounds rc.sembling those <»f carbon. By 
the fraclion/d crystal li.sation of a salt of a benzyl- 
phenylallylmethyl ammonium 

Itonz,^ ,A1I 

(NhV' 

V\/ Mo 

with a strong dextro-rotatory axnd, a separation was 
effected into optically active dextro and la!vo i.so-^ 
merides. 

This result was .soon followed by the resolution of 
an asymmetric sulphur compoumP into two active 
components. 

‘ C<»npt. Rrnd., 112.724. 

> Jwm. Chem. Soc., 75. IVJ7 (1899). ’• /fjid., 77. 1072 (1900). 

R 
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•In this case the •compound operated on was the 
fhothylethylthetine in the form of a camphor sul- 
phonato. 

yCHaCOaH 

C,„H„ 0 .S 03 / 

About the same time S. Smiles succeeded in 
resolving methylethylphenacyl sulphine in the form 
of a bromo-camphor sulphonate.' 

,CHa.CO.C,iH, 

■ \ / 

S 

Po[)o and Peachey -* have also shown that by the 
application of the same methods optically active tin 
compounds can be isolated. By converting methyl- 
ethyl n propyl tin iodide into dextro-camphor sul- 
phonato and fractional crystallisation of the latter 
salt a dcxtr(>-r()tatory tin base was isolated. The 
corresponding bevo compound could not be obtiiined 
owing to the tendency to racemisation, that is, the 
production of an optically inactive mixture of the 
dextro and laivo compounds owing to internal re- 
-arrangement in one half of the material. Since that 
time optical activity hjis been shown to exist in 
isomeric compounds of silicon and of phosphorus. 
These are acids, and the separation of the optical 
isomerides is effected by combining them with 

* Joum. Chem. Soc., 77, 1174 (1900). 

* Proc. Chem. Soc,, I5tb Feb. 1900. 
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opticajly active bases and diking advantage* of 
differences of solubility exhibited by the resulting 
salts. Active compounds containing silicon have 
been obtained by Kipping,^ but the difficulties ari.sing 
from racemisation and other cau.ses are very con- 
siderable. rhosphorus has also been shown to be 
capable of giving rise to opticalh active coin[)ounds^ 
of the type 

Further, it appears to be now definitely established 
that certain of the metals, notably cobalt and 
chromium,® may form the nucleus for a tetrahedral 
asymmetry, .so as to give ri.se to compounds which 
arc eapabli! of rotating the plane of polari.sation. 

ft may fairly be expected that in time all the 
elements in groups IV., V., and Vf. of the periodic 
scheme will be .shown to exhibit .similar phenomena. 
Much discussion has arisen during the last few years 
as to the configuration of nitrogen compounds, and 
chemists are iis yet not agreed on this part of the 
subject. There is, of course, room for even more 
speculation in this field of hypothesis than in the 
corrosixmding tpiestion relating to carbon compounds. 
It seems probable, however, that since nitrogen is 
undoubtedly quinquevalcnt, the fourth and fifftl^ 
valencies of the nitrogen atom cannot lie in the 
same plane as the other three. 

‘ Journ. Vhfm. Soc., 98, 4«6 (1908), and 97. 765 <1910). 

* Btr., 44, 3.56 (1911), and Journ. CKem. Soc., 99. 626 (1911). 

* See New Idem on Inorganic Compowide. by A. Werner. (Long- 
mans, 1911.) Ber., 44, pp. 1S87, 2444, 3132 (1911 ). 
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EIOGRAPHICJAL NOTES 

Adolph von Baeykr, fixcelleiij! Qeheim-Rat, F.R.S., Pro- 
fessor in the University of Munich. 

Jkan Baptihtk Biot, born 2l8t April 1774. Professor of 
Physics at the College de Franco (from 1800), and of Astronomy 
at the Faculty of Science, Paris (from 1809). 

He died ,3rd Fob. 1862. 

I Poggendorirs Ifandwoiterhuch.] 

.Joseph Achillr i.k Bkl, F.R.S. Received the Davy Modal 
(jointly with Van’t Hoff), 1893. 

Poly DORK Boullay, born 1806. Pluirmaciou in Paris. 
Worked with Dumas on the formation of ether, and died 
24th March 183.'), as a con 80 (iuence of burns from accidental 
ignition of other. 

Philippe Apgi’str Uuyk, D.Sc. (loneva and Paris, Professor 
of Theoretical and Technical Chemistry in the University of 
Oenova. 

Jacoiujs Henrici'8 Van’t HoFr was born at Rotterdam, 
in 1852. After attending the Higher Burger School of his 
native town, he attended the Polytechnic School at Delft, 
and then proceeded to the University of Leiden. He then 
spent a year at Bonn under Kekule, and in 1874 graduated 
at Utrecht. He then entered the 6colo de M.'decino in Paris 
in order to study under Wurtz, and here ho met Le Bel. The 
two young men had already been occupied independently with 
^he conception of the tetrahedral carbon atom and the con- 
ditions of asymmetry. Van’t Hoff’s paper appeared in 
September 1874, while that of Le Bel was published inde- 
pendently in November of the same year. They agree in the 
discovery that asymmetry is connected with the association of 
the carbon atom with four different radicles, but in working 
out this idea some differences of detail are encountered, which, 
however, can only be appreciated by a careful study of the 
original memoirs. 
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Van’J Hoff next obtained a teaching post at the Vetorirtiry 
College at Utrecht, from which he proceeded in 1877 as Pft>- 
fessor of Chemistry in the newly constituted University of 
Amsterdam. In IHDG he was appointed Professor at the Uni- 
versity of Berlin. In HK)2 ho was the recipient of the first 
Nobel Prize awarded for chemistry, and in the same year he 
gave the Raoiilt Memorial Ijcctnre to the t^homical Society in 
London. 

He died Ist March 1911. 

[Van't Hoff Memorial Lecture, by James Walker. Joiini. 
Chem. Hoc., 103 (1913).] 

FRKnEiiic Stanley Kfi’iMNcj. D.Sc., F.U.S., Professor of 
Chemistry in University College, Nottingham. 

Stanley John Peach ky, M.Sc., School of Technology, 
Manchester. 

Fui^dejoc Hkhv15 dk la Provohtaye, l)orn ir»tb Feb. 1812 
at Itedan (llle-ot-Vdaine). Inspector-deneral of Public In- 
struction. 

Died 28th Dec. 1803. 

[Poggendorff’s lIaiubn>rtrrfnHh, vol. iii ] 

Sam CEL Smiles, D.Sc., Secretary of the Clieinical Society, 
Assistant Professor in University College, London. 

Pai l Walokn, Memlxjr of the Im]K>rial Academy of Sciences, 
St. Petersburg. J^rofessor of Chemistry in the Polytechiuc 
Institute, Riga, Russia. 

Jaml:« Wallace Walker, Professor of Chemistry in the 
McGill College, University of Montreal, (’anada. 

Alfred Werner, Professor of Chemistry in the University 
of Zurich. 

Johannes Wislicenus was l>oro at Klein-Eichstadt, 24th 
June 1835. At the age of eighteen he became assistant to 
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Pr(ffos8or Heintz at Hallo, and thenceforth devoted hiijiself to 
chemistry. Owing to his father’s unorthodox religiotis opinions 
the family had to leave Oermany, and for some time lived in 
America, lleturning to Europe the family settled at Zurich, 
and in 18()l Johannes was appointed Professor in the School 
of Industries, and three years later in the University. In 
1870 he was selected for the Chair of Chemistry in the Poly- 
teehnic. In 1872 he was invited to succeed Strecker in the 
University of Wnr/hurg. Finally, on the death of Kolbe, 
he was transferred to the chair at Leiii/.ig, where ho remained 
till his death on r)th Dec. 1902. 

[VVislicenus Memorial Lecture. VV. U. Perkin, jun. Jourv. 
(Jhtm. Hoc., 87, fiOl (1905).] 

.dl'lMiijrs Wi'NDKiu.iCH, Ph.D. Wur/Jmrg, Industrial Chemist. 
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CHAPTER VI II 

ELECTHICITV AND CHEMK'AL AFFINITY 

In the PliiUmfphical Transadunh'i for 1784 will bo 
found a paper by the Hon. Henry f'avendish, which 
emhodicH those results of his “ Experiments on Air ” 
which led to the famous discovery of the composi- 
tion of water. The propo.sition that wat(T consists 
or is compo.sed of two elementary LOuses is, however, 
all the more firmly estahli.shed when, to the state- 
ment of (Javendish that from two measures of 
“inHammahle air” (liydrogen) exploded with one 
measure of “ dephlogisticated air” (oxygen) water 
is produced, wo are in a pf>sition to add that from 
the decomposition of water the.se two gases, and 
nothing else, can bo reproduced. This latter result 
was observed for the first time by Nicholson and 
Carli.sle in 1800, only sixteen years later than the 
announcement of Cavendish’s discovery. ^ 

In the meantime a new philoso]>hical instrument 
and a new field of research had been brought within 
the reach of chemists and physicists by the dis- 
coveries of Galvani and Volta, which culnnnated in 
the invention of the Voltaic Pile and the Voltaic 
Battery shortly before this time. Electric currents 
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coijld thus be procured at will, and the voltaic 
d(5composition of acidified water was followed by a 
host of observations of a similar kind. Solutions of 
various .salts submitted to the action of the current 
yielded in .some cases acids and alkalis, in others 
acid and oxygen at one pole, while metal and 
hydrogen appeared at the opposite pole. By this 
same agency Davy, in 1807, succeeded in proving 
that potjish and soda arc oxides containing a pair of 
very remarkal)le metals. 

The attention of chemists in this way became 
attracted to the fascinating phenomena of electro- 
lytic or cleiitro- chemical decompositions, and not 
only were many facts discovered of greater or less 
practical utility, but hypotheses were necessarily 
framed to account for the facts, Davy himself, 
after some years occupied more or less with the 
study of the galvanic phenomena, seems to have 
arrived at the conclusion that chemical combination 
is produced by the union of atoms charged with 
opposite kinds of electricity; and, in fact, to have 
identified chemical “affinity” with electrical attrac- 
tion between particlc.s, or, at any rate, to have 
r-rCf'ardod chemical affinity and electrical attraction 
jis dependent upon the same cause. A similar 
theory was formulated by Berzelius about 1818, 
but the Swedish chemist considered it probable that 
“ simple and compound atoms are electro-polar ; in 
the majority of them one of the poles is endowed 
with a preponderant force, the intensity of which 
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varies according to the nature (^f the body. Thos« in 
which the + pole is preponderant are called clectfo- 
positive, those in which the — polo predominates are 
electro-negative.”' Hence, according to Berzelius, 
each atom contains both positive and negative elec- 
tricity ; but the atom (•!’ oxygen, tor example, has a 
large amount of negative electricity accumulated 
upon one pole, with a relatively small amount of 
positive electricity at tho other, while the atom of 
such Jin clement as potassium possesses a strong 
charge of positive with a small charge of negative 
electricity. During the act of combination tho 
positive pole of one atom is turned toward the 
negative pole of tho atom with which it is about to 
unite, and the opposite electricities neutralise each 
other with production of tlie ph('nomena of heat 
and light, as in the production of sparks between 
oppositely charged nuisses. 

From this time forward little furl her progress 
was made, so far Jis (dectro-cheinical phenomena 
were concerned, till the subject wits taken up by 
Faraday about l.Sit2; and its the result of his 
re.searches the two important (piantitative state- 
ments which are usually known as Farmlay’s La\.5 
of Electrolysi.s, togi'ther with a vttst body of other 
important observations, were established. The .state- 
ments referred to may, for the sake of completeness, 
be recalled U) the recollection of the reader. The 
first of these may be given in tho original words of 
» Ik-rzelius. TraiU de Chimie, vol. i. (1842). 
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thefc discoverer : “ Th(? chemical power of a current 
of*electricity is in direct proportion to the absolute 
quantity of electricity which passes.”^ Faraday’s 
own language may also be used to lead up to and 
express the second law. “ Compound bodies,” he 
says,^ “may be separated into two great classes, 
namely, those which are decomposible by the 
electric current and those which are not. Of the 
latter some are conductors, others non-conductors, 
of voltaic electricity. ... I propose to call bodies of 
the decomposible class electrolytes. Then, again, the 
substances into which these divide, under the in- 
fluence of the electric current, form an exceedingly 
important general class. They are combitiing bodies, 
are directly associated with the fundamental parts of 
the doctrine of chemical affinity, and have each a 
definite proportion in which they are always evolved 
during electrolytic action. I have proposed to call 
these bodies generally ions, or particularly anions 
and cations, according as they appear at the anode 
or cathode, and the numbers representing the pro- 
portions in which they are evolved electro-chemical 
equivalents. Thus oxygon, chlorine, iodine, hydro- 
lead, tin, are ions ; the three former are anions, 
hydrogen and the two metals are cat Urns, and 8, 36, 
126, 1, 104, 58, are their electro-chemical equiva- 
lents nearly.”® Wo learn from this, and from other 

' Experimental Retearrhes in Electricity, vol. i. p. 241. 

* Loc. eit., pp. 242, 243. 

* In this passage there is in the original a slight verbal slip, which 
is corrected above. 
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experiments described in the •course of these re- 
searches, that the electro-chemical equivalents 
ions are the same as their ordinary chemical equi- 
valents or combining pro[)ortions. 

Faraday’s view jus to the cause of electrolytic 
phenomena led him to rcje(;t the notion enter- 
tained by some of his prc(le<'essors that electro- 
chemical decomposition was ilie result of the 
electrical attraction or repulsion of the poles acting 
upon the constituents of the electrolyte. Ho states 
expressly that ho believed that the effect is duo to 
a force acting internally upon the ions, and “ either 
suj)eradde<l to or giving direction to the ordinary 
chemical affinity of the bodies present.” 

Nevertheless, while correcting some of the experi- 
mental errors in Davy's work. Faraday seems t-o 
have entertained nejxrly the same idea with regard 
to the nature of the phenomena of chemical com- 
bination and electro-chemical decomposition, for 
{Iax'. cit., p. 248) he refers, with eviclent sympathy, 
to “ the beautiful idea that ordinary chemical 
affinity is a mere consequence of the electrical 
attractions of the particles of different kinds of 
matter”; and a little further on he states Iris 
" conviction that the power which governs electro- 
chemical decomposition and ordinary chemical at- 
traction is the stimo.” This idea evidently became 
established in the mind of Fannlay, for in a later 
paper* the following passage occurs: “All the 

* Experivuntal Rtsearehtt in Electricity, vol. i. p. 272. 
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facta show us that « that power commonly ^called 
chemical affinity can be communicated to a distance 
througli the metals and certain forms of carbon ; 
that the electric current is only another form of 
the forces of chemical affinity ; that its power is in 
proportion to the chemical affinities producing it; 
that when it is deficient in force it may be helped 
by calling in chemical aid, the want in the former 
being made up by an equivalent of the latter ; that 
in other words the forces termed chemical affinity 
and electricity are one and the same.” This view 
was adopted by other writers. Daniell, for example, 
the inventor of the constant cell, in his Chemical 
Philosophy, heads the paragraphs relating to the 
battery by the title, “Circulating Affinity or Elec- 
tricity.” 

The phenomena of electro-chemical decomposition 
present a great many questions of difficulty, the 
interpretation of which have led in the past and 
are likely still to lead to much difference of opinion 
and controvervSy. When, for example, an electric 
current is sent through a solution of copper sul- 
phate, the ordinary visible products which accumu- 
latj at the poles are metallic copper at the cathode, 
and oxygen gas at the anode. If the current is 
strong, hydrogen is also given off with the copper. 
Wlion sodium sulphate is used instead of copper 
sulphate, the products are gaseous hydrogen and 
oxygen; while the solution, originally neutral, be- 
comes alkaline from the production of soda round 
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the cathode, and acid from the accumulation ‘of 
sulphuric acid round the anode. The difference 
between these two results hius been explained in 
the terms of two distinct hypotheses, the earlier of 
which was based on the dualistic tbeory t>f salts. In 
the system inaugurated by Lavoisier, and approved 
by Berzelius, every .sjdt Wiis made up f)f two oxides — 
the one of a metal, the other of a non-metal ; thus 
cupric sulphate was suppsed to consist of copper 
oxide united to .sulphur trioxide or sulphuric acid, 
while .sodium sulphate was coni|K).sed of soda or 
oxide of sodium united to the same .sulphuric acid. 
Expre.s,sed in .symbols, ih<!y .stood thus: 

Cupric sulphatH . . . CuO.SOj 
Sochum flulpliato . NiiO.SO., 

Berzelius and liis .school supposed that when these 
comjKDunds are decomposed by the electric current 
the ions are (hiO and SO 3 in one eitse, and NaO 
and SO,, in the other ; but that in the cjiso of the 
copper .sidt the metal .separates in eonsecpience of the 
simultaneous decomposition of water, the hydrogen 
of which reduces the metallic oxirie, uniting with 
the oxygen and setting the metal free. 

The other hypothesis wtus based on the unitary 
system, of which the germ perhaps may Ik) found 
in the writings of Davy, but which was formally 
introduced by Daniell about 1842,’ and afterwards 
adopted by Gerhardt upon evidence of a different 

‘ Daniell’s Chemical rtiUosophtj, 2nd edit., pp. 432-440. 
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kind. According t <5 this view the two sajts are 
resolved on electrolysis into the ions Cu and SO^, 
Na and SO4 respectively. The decomposition of 
the copper compound therefore gives metal as 
the primary cation, while at the anode the radicle 
SO^ is resolved into 0, which escapes, and SO3, 
Avhich forms sulphuric acid with the water. In the 
case of the .sodium salt, the alkali and the acid 
observed are alike secondary products ; the former 
resulting from the action of the liberated sodium 
upon the water with simultaneous escape of hydro- 
gen gas. 

Another ([uestioti which required investigation 
relates to the cour.se of the current through the 
solution. It is a remarkable fa(;t that water alone 
appears to be almost destitute of conducting power, 
its resistance increasing in proportion as it is more 
free from dis.solved .salts or gases. But the addition 
of a very small quantity of sulphuric acid seems to 
make it not only conduct freely, l)Ut undergo electro- 
chemical deconqx>sition into its constituents oxygen 
and hydrogen. When the current passes, is it really 
conveyed by the water, by the acid, or by some 
compound of the two? That is a very important 
question; but in order to supply the answer to it, 
which is provided by commonly received theories of 
the present day, it is necessary to know something 
of the course of observation and experiment which 
has led within the last few years to the adoption of 
rather remarkable views concerning the state of 
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dissolved electrolytes, and the* nature of soliitinns 
generally. • 

So long ago as 1788 Sir Charles Blagden pub- 
lished in the Phihsophical Transactwm a paper 
dealing with the familiar fact that salt water docs 
not freeze so e^isily jus fresh water. In that paper 
he showed that various sidts added to water cause 
a dopre.Svsion of the freezing point, and that the 
deprc.ssion is in each ciuso practically pro[M)rtionjil to 
the amount of the salt .present. There the cpies- 
tioii remained for nearly a century. The next steps 
in advance' could oidy he taken wh(*n Hhigden’s 
(!onclusions had heen estahlishcd up(»n a much 
liriner laisis of exact experiment than he had been 
able to supply, and, jus in so many other cases, it 
re(pnred the successive ellorts of many ex jwri mentors 
to provide material upon which to build a theory 
with any [)ros{)ect of smaess. Among the workers 
who took u}> the (piestion must he mentioned 
Kudorfl’,* Do Coppet,^ and (lUthrie.^ Do (.’oppet 
got so far jvs to show that the ‘'co-elhcic.'nt of de- 
pression ’ of the freezing point is constant for the 
same substance, and that it is etpiul for similar 
substances when added to the same quantity%f 
water in amounts proportional to their molecular 
weights. It is, however, to the irn|>c>rtant researches 
of Profes.sor F. M. fhioult^ of Crenoble that the 

» PoQg., cxiv. 63 (1861), cxvi. 55 (1862), Ac, 

» Ann. Chim., xxiii. 366 (1871), xiv. 602 (1872), xxvi. 98 (1872). 

* Pha. Mag., 187.5, 1876, 1878. 

* Ann. Chim., xxviii. 133 (1883), Ac. 



272 THE PROGRESS OF SCIENTIFIC CHEMISTRY [CHAJ*. 

esteblishment of this generalisation is due, and as a 
rdfeult a new method has been provided for the 
determination of tho molecular weights of those 
substances to which tho vapour-density method is 
not applicable. Raoult’s law may bo stated as fol- 
lows: tho depression of the freezing point of a 
liquid, caused by tho solution in it of a liquid or 
solid, is proportional to tho absolute amount of dis- 
solved substance, and is inversely proportional to its 
molecular weight. Consequently, if a number of 
different substances bo taken in tho proportions of 
their molecular weights, and dissolved in a liquid 
which is capable of solidifying at a determinable 
temperature, the resulting depression of the freezing 
point will bo the same in each case. This molecular 
depression is then a constant for any given liquid, 
though of course it differs in different liquids. The 
solvents recommended by Raoult are water, acetic 
acid, and benzene. If we take A as tho reduction 
of freezing point caused by the solution of 1 gram 
of substance in 100 grams of water for example, M 
the molecular weight of the substance, and T tho 
lowering of the freezing point caused by the solution 
of a molecular proportion of the substance in 100 
parts of liquid, then, if the solution is dilute, 

MA-T. 

The value of T for water has been found to be 19 
in reference to a great variety of neutral carbon 
compounds, but it rises to about 37, or double the 
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value, when inorganic salts are employed. By 
the method of estimating the molecular weight* 
based upon these observations Avns generally adopted, 
and consequently it was recognise<l, not only that 
the freezing point of a solution is related to the 
molecular weight of the di.ssolved substance, but 
that metallic sidls produce an cll‘t;ct por molecule 
about twice as great as the etibet produced by 
neutral carbon compounds .such as sugar. 

The presence of a substance dis.solved in a licpiid 
affects the other properties of the licpiid, such as 
its viscosity, or, if vol.it ile, its boiling |K)int and 
the pre.ssurc of its vapour. The reduction of vapour 
pressure, and the raising of the boiling points of a 
number of licpiids, have been subjects of repeated 
experiment during the last half-century ; but the 
connection between the magnitude of the effect 
|)ro«liJce<l and the niolecnlar weight (*f the dissolved 
substance was di.seovered so recently its IH87 by 
Raoult, whoso work upon the freezing ]>oints of 
solutions has been already referred to. The law 
relating to vap-ur pressure has the .same form as 
that which applies to freezing pdints, that is, the 
effect produced by molecular proportimis of all sufk 
stances in the .Siime liquid is the .same providoil 
the .sidution is dilute. Hence the expiation already 
given for the freezing jxiint cxprc.s.ses the relation 
for the va|)our pressure equally well, if we let A 
stand for the lowering of prc.ssurc pnaluccd by 
1 gram of substance in 100 grams of solvent, and T 

s 
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for the effect produced by a molecular proportion of 
/;lie substance in the same quantity of solvent. 

The methods practically employed for estimating 
the effect of dissolving a definite quantity of sub- 
stance in a volatile liquid, may be based upon the 
actual measurement of the pressure of the vapour 
of the solution when in a barometric vacuum, or 
upon the loss of weight sustained by a given 
(quantity of the solution, as compared with the loss 
of weight of the same quantity of the pure solvent 
when a current of air is passed under the same 
conditions through both of them; or the method 
may bo based upon observation of tbe boiling point 
at atmospheric pressure of the liquid before and 
after the dissolution in it of definite quantities of 
substance. 

Again, if a solution of sugar or of a salt is .separated 
from pure water by certain kinds of membrane, the 
volume of the solution increases by the entrance of 
water through the membrane, and a difference of 
pressure will be immediately establi.shed on the two 
sides of the membrane, which will go on increasing 
u}) to a ccrUiin maximum for each kind of dissolved 
yAbstauco. The pressure thus established is called 
the immtw jmmure of the dissolved subsUince. It 
appears to ari.so from the “ semi -permeable ” character 
of the membrane, which allows water to pass in 
either direction, but not the solute; hence water 
passes in the direction of the solution until the 
pressure it alone exerts |)er unit of surface is equal 
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on both sides the septum, whilcr on the side of the 
solution there is the additional pressure due to tHb 
solute. This am l)c measured and expressed in 
millimetres of mercury or otherwise. The cells of 
plant tissues are semi-permeahle in this sen.se, and 
membranes formed by the preci})itation of certain 
sidts, especially cupric ferrocyanid<' within the pores 
of ungla/ed amthenwarc, have i)eon used for the 
purpose of experiments on osmotic pressure. The 
earliest and best determinations of osmotic pressure, 
for which .scicr»ce is indebted to l*rofe.s.sor W. Pfeifer 
the botanist,* have led to oonclu.sions which stand in 
evident relation to the facts which have already been 
stilted concerning the inlluence of di.ssolvcd sub- 
stances on the pi*oj)ortics of liipiids. juid they may 
be cxpre.sse<l nearly in the sjuno terms. For it is 
found that the etfec^t is again pro|>ortional to the 
.strength of the solution, iuid when .solutions of two 
distinct substances arc compared, theosfnoiic pressure 
is found to be the same when each contains for 100 
parts of the liquid mvlwiddr impportions of the 
dissolved substance. 

By mo.st of the older cliemiciil writers the view was 
commonly entertained that the first act in the proc^ks 
of dissolution wtus the formation of a compound or 
mixture of com[K)unds between the .solvent and the 
solute. When certain anhydrous .salts arc placed in 

^ Osniotiscbe Untersuchungen. Stmlien zur ZeDenmeohaaik ” 
(Beihlatter, li., 1878, 182-193). See also Adie, Trant. Chan. Soc., 
1891,368. 
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water a chemical (impound is formed, but ;vhy the 
fesulting hydrate dissolves in the uncombined part 
of the water is another question. The article on 
“Chemical Affinity” in Watts’ Dictionary (1872) 
seems to adopt this view, while at the same time 
pointing out that solutions differ from definite 
chemical compounds in not complying with the law 
of definite proportions. The subject, however, had 
been much neglected by chemists up to this time, 
occupied as they had been with the development of 
new theories of constitution based on the recognition 
of the valency of the elements. In 1878 the present 
writer put forward ^ a view, the substance of which 
has been adopted by all those chemists who advocate 
the so-called “hydrate theory” of solution. The 
following passages explain clearly the hypothesis : 

“The natural inference from the facts known in 
connection with the phenomena of solution is, that 
when a solid dissolves in a liquid it first enters into 
chemical combination with a portion of that liquid 
forming a chemical compound, the composition of 
which under fixed circumstances is perfectly definite. 
Briefly recapitulated the chief evidence in favour of 
tliis assumption is (1) that when a solid comes into 
contact with a liquid capable of dissolving it, heat is 
evolved; (2) that changes of colour are often pro- 
duced ; and (3) that water or alcohol is retained by 
crystals only in definite molecular proportions. We 

' Lecture to the Brutol Naturalists’ Society, February 1878, Pro- 
oetdingt qf tht Society, 
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will now entlcavour to piotiire the state in which the 
substance subsists when solution is ceinpletc. Much 
assistance will he obtained towards the investigation 
of the problem if we first briefly review the facts 
which have been tstablished in the analogous Ciise of 
certain vajMjurs: lake for example pentaehloride of 
phosjihorus. The vapour of thi.s iompoimd, a solid 
at ordinary temperatures, is not homogeneous, it 
consists of a mixture of three vapinirs, viz. pcnta> 
chloride of phosphorus. IH’l., trichloride of phosphorus, 
and chlorine. (Tv At low temperatures near to 
its condensing or iiipiefying point, a large proportioii 
of pentaehloride is pre.senl. But if heated this 
compound breaks up into the two simjder molecules, 
P(Jl.j, and (Tm the di.ssociati<»n occurring pr(»gressively 
with the rise of temperatun} until at 850", or there- 
abouts, it is complete. At that temj>erature the 
vajwur eonsi.sts of a mixture in equal volumes of 
chlorine afid the phosphorus trichloride. But it has 
been .shown, on the one Imnd, that if the liberated 
chlorine is gradually removc«l by difliision, the 
progress of the di.ssociation is much more rapid and 
occurs at lower teinperature.s. Whilst on the other 
hand the di.s.sociatioii is reUirded or almost arrested 
by causing the vajwur of the pentaehloride to mix 
with a sufficient quantity of vajx>ur either of tri- 
chloride of phosphorus or of chlorine. 

“Turning now again to solutions and, in order 
to avoid verbal repetition, confining our remarks to 
solutions of salts in water, we find a state of things 
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ofiatrictly analogous* character though a degree more 
complex. Suppose, for example, we di.ssolve some 
ordinary sodium sulphate in a considerable quantity 
of water. The .salt first combines with water forming 
a hydrate, or rather, a series of hydrates which are all 
richer in water than the ordinary salt, conUiining ten 
molecules. These hydrates are liquid at ordinary 
temperatures, and mix by the usual process of liquid 
diffusion with the rest of the water. The chief of 
these hydrates I believe to be none other than the 
cryohydrate.^ If the temperature of the liquid is 
above the melting point of the cryohydrate, this 
compound tends to .split up into water and lower 
hydrates. But if the amount of water present is 
comparatively large, this tendem^y is counteracted, 
just as the disposition of pentachloride of phosphorus 
to split into trichloride of phosphorus and chlorine 
is reduced by the presence of excess of one or other 
of those substances. Imagine now the solution of 
sulphate of sodium heated, other conditions remaining 
unaltered. The amount of original (cryo ?) hydrate 
diminishes as the temperature rises, whilst equivalent 
quantities of uncombined water and lower hydrates 
are 'p(iri jxiasni liberated. 

“ This continues until a temperature is reached at 
which some of the anhydrous salt is formed. This 
compound, however, although it is much less soluble 
than the hydrated salt, does not at once make its 

' Eutectic mixtures described under this name by Guthrie 
(/(Mtrti. Ckm, S(K., 1876, 1876, 1877). 
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appearance in crysUils, because the solution .must first 
bo saturated with it. But no .scwinor is a portion cft‘ 
this salt deposited, than a new set of conditions is at 
once esud)lished, ff)r the rcineval (»f the atihydrons 
salt from the liquid is, of (‘ourse. (Mjuivah'nt to the 
addition of water, and so time must elapse, or the 
temperature he raiseil still hij.du'r, before any more 
of the anhydrous salt can he thrown d(»wn. 

"One main jaunt uj)on which it a|)j)ears to me to 
he der.irahle to insist is this, that a solution conUina 
a mi.i'fHrf of svirrol the roiistitai ioih of 

wfdrft i>orthi itfxm (he teinprrofo rr (f ihfi 

liquid, ond ]Htrthf it/xm fhr proportion (f mder 
prv^'^fnt. Such hyj)otheses as those of howel, for 
example, to the effect that at one temja'rature the 
solution contains one hydrate alone, and at another 
tern|)eraturo another entirely distinct, or indeed that 
anyone hydrate can exist in solution hy itself, ajqxair 
to mo to he unsup|K)rtcd hy reason or the facts of 
the case.” 

Mcndclecff a few years later (txjjres.sed a similar 
opinion in the following,' wonls : “ Solutions may ho 
regarded as fluid unstahle, definite elnanical (;om- 
jjounds in a state of <lisso(;iation.” ‘ 

This view, however, wouhl not l>e acc(!|)tahlf3 with- 
out modification to the majority of chemists at the 
present time. The act of dissolution is probably 
not due to chemical combination in the first instance, 
but is probably analogous to the sublimation of a 

‘ Princi^f* of Ckrmutry, vol. i. 105 (1891), 
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into a gas, and proceeds from the detachment 
(5f molecules from the surface of the solid and their 
intermixture with those of the surrounding liquid.' 
This is doubtless duo to the impact of the moving 
molecules of the liquid, and this view is supported by 
the existence of a relation between the fusibility of 
solids and their solubility, from which it appears that 
in all cases which can bo brought into comparison 
with one another, the solid which melts at the lower 
tenq)Grature dissolves most readily in a liquid.^ 

In 1(SH7 a theory was conceived which provided a 
beautitid explanation of all these various facts and 
relations. The first volume of the Zeiixchrift filr 
physllMllsche CJiCmie (pp. 4<Sl-r>0H) contained a paper 
by J. 11. Van’t Hoff which threw a flood of light 
upon the whole subject of solutions.'' The theory, 
then for the first time definitely brought forward, is 
based upon the recognition of the analogy between 
the state of suhstances in solution and the same in 
the state of gas. Pfeifer’s results seem to have 
established the fact that osmotic pressure in dilute 
solutions is proportional to the amount of dissolved 
substance in unit imxss, and that the pressure is 
difcctly proportional to the absolute temperature of 
the liquid. The laws of osmotic pressure, then, 

^ Tilden and Shenstonc, PkU. Trans,, 1884, Part I, 30; Nernst, 
Zeitschrift Phys. Ghem., 4, 372 (1889). 

^ Tilden and Shenstone, loc. cit.\ Carnelley, Phil. Mag. (5), 13, 
112 . 

• For an interesting snmmary of the course of events which led 
Van’t Hoff to the theory, see Bcrichte, 27 (1894), 6. 
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assume the sumo ft^rm as the law of Boyle, wl^ich 
connects pressure ami volume, and the law of (Icy- 
Lussac, which connects tem|a*raturo and volume, for 
gases. And further, since molecular proportions of 
dis.solve(l suhslances produce at the .s;ime tempera- 
ture cipial osmoti<‘ prc.ssures, rul umcs of diffn'ent 

solutions, whi<‘h give the same osiiu)ti{r pressures, 
contain the same numheroj moirnlrH. This is ecpiiva- 
lent to asserting that the law of Avogjidro applies 
to solutions as^sell as to gas<*s. 

For the sake of <*leaniess it may he as well, before 
proceeding t’urtln'r, to recall the main features and 
hist(»rv (tt the kinetic theory of g.a.sc.s. From the 
[)hononicna of ga^sais <lillusiou then; seems to ho 
very direct pn»of that the j)airticles or nn»lecules of 
gases an,* always moving about. This idea was long 
ago employed to explain their pressure Jind ekistieity, 
l)Ut (udy in a general and rather indefinite way, and 
it was in IH4H that Joule for the lirst time mjule 
some calculations as to the velocity which the 
particles of hydrogen and of oxygen must have in 
order to produce the observed pressure, lie found 
that the j>arlieles of hydrogen, when at if (\ and 
atmospheric pressure, move at the rate of fliore 
than OOOO feet [>er .second, which is much faster 
than any ordinary projectile.* 

A pa{)er had been communiciited to the Ih)yal 
Society by J. J. Waterston in 1H4(), but uiifor- 

> “ On the Mechanical Equivalent of Heat, and on the Conititu- 
non of Elastic Fluids” {firiL A$*oc. Rep,, 1848, Part II. 21-22). 
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tun^tely was not thought fit for full publicatipn at 
the* time (see Proc. Roy. Soc., 5, 604). Nearly half a 
century afterwards it was discovered by Lord Ray- 
leigh in the archives of the Society, and was found 
to contain a nearly complete development of the 
theory which has .since become so famous. This 
paper has been printed in the Philosophical Trans- 
actioTis for 1892. Views essentially the same as 
Waterston’s were afterwards published by Kronig in 
1856,^ and by Clausius^ in 1857. 

The kinetic theory supposes that all the par- 
ticles in a gas subsist in a state of perpetual 
movement with great velocity, but since they are 
very small, and much crowded together, no single 
molecule proceeds far in a straight lino before 
it approaches another molecule, and its course is 
altered, much in the same way that an elastic ball 
falling upon any surface rebounds and passes off in 
a new direction. The constitution of a liquid is 
supposed to bo somewhat similar, the difference be- 
tween a gas and a liquid being attributed to the 
association of a certain proportion of the moving 
molecules into groups; so that while in a true 
gas each molecule moves independently of the 
rest, c.xcept for collisions, in a liquid there is 
a mixture of free molecules and aggregations of 
molecules. 

* “ GrundzUge^einer Theorie der Gase ” {Pogg. .4nn., xeix 315-322). 

‘ *' Ueber die Art der fiewegung welohe wir Wanne nennen’' 
{Pogg. Ann., 1857, 353-380. and Phil. Mag., xiv. 108-127). 
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Wo may now return to the question prosoiUod 
by the ^ phenomena of electrolysis. It has alrefftly 
been sUitetl that metallic salts generally, tus well its 
acids and alkalis, when diss«»lv(;d in a large quantity of 
water, cause a depre.ssion of the fn'czing [xjint ot the 
water nearly twice as great, as tin* depression caused 
by the majority of carbon «*>iiipnnn(ls. All these 
substances are electrolytes when in a<|ueous solution, 
while neutral carbon com|)ounds are not. Now, by 
carrying the analogy l»otw<‘en dilute solutions and 
the ga.seous state a .step further, an explanation 
is provitled of tlie cxistiuice of these exceptions. 
This explanation is allorded by the doctrine of ionii! 
dis.sociation introduce<l by Arrhenius ii' IHHS. The 
abnormal vapour pn‘.s.sure.s of ammonium chloride, 
phosphiiric chloride, sidphurie acid, and many other 
com}M»un<is are accounted lor by the by|x>thc.si.s 
already refcrre<l to. that each molccub* of smdi a 
compound when vaporis(*(l di.ssoeiate^ into two or 
more separate molecules, and in like manner the 
new theor}' supposes that .substaiux'S which become 
electrolytes when di.ssolved owe the lussumption 
of that character to a proce.ss fif dissoraation. 
The dissociation of suljdiuric* acid, for example, by 
the action of heat is, however, dift'erent in its cau.se 
as in its results, from the di.ssociation which is 
assumed to occur when it is mixed with water. 
Vapour of sulphuric acid is made up of equal 
numbers of molecules of water and sulphur trioxide, 
which, if cooled so that liquc&ction occurs, unite 
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together again, almoet completely reproducing the 
original compound. Sulphuric acid diluted with 
water is supposed to yield a mixture of the ions 
H and SO^, the number of molecules of the com- 
poimd so resolved im^rcasing in proportion to the 
dilution up to a limit. 

A view which, at first sight, appears somewhat 
similar to this was proposed some forty years ago 
by Clausiu.s,' almost immediately after his enuncia- 
tion and discussion of the kinetic theory of gases, 
('lausius appears to have regarded a solution as 
consisting of a mixture of entire molecules moving 
about more or less rapidly, acjcording to the tem- 
perature of the liquid, together with positive and 
negative partial molecules or ions, which owe their 
separation from one another to the encounters which 
result from the motion of heat. These partial mole- 
cules, moving irregularly through the licpiid, meet 
now and then with (jomplementary partial molecules, 
with which, when conditions are favourable, they 
reunite and reproduce the original compound, the 
number of free or ionised particles being, according 
to this view, dependent upon the temperature, in- 
creasing in numbers jis the temperature is higher; 
while if the temperature is lowered the recombina- 
tions occur more frequently than the separations in 
unit time, so that, on the whole, there are fewer 
free ions in the liquid, while under no circum- 

^ R. Clausius, ** Ueber die Elektrloitatsleitung in BlektrolTten ” 
[Pogg., oL, 1867, 338; and PM, Mag., xv., 1858, 94). 
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stances is it assumed that the number of partial 
molecules is more than a very small perconUgc^ of 
the number of entire molecules. A doctrine of the 
same kind had been enunciated by Williamson some 
years earlier in his memoir * on ulie “ Theory of the 
Formation of yKther.” The following piissage ex- 
plains his view cpiite clearly \Ve are thus forced 
to admit that in an aggregalo of molecules of any 
compound there is an exchange constantly going on 
between the elements which are contained in it. 
For instance, a drop of hydrochloric acid being sup- 
pos(Kl to he made up of a great nund>cr of mole- 
cules of the composition <’111, the proposition at 
which we have ju.st arrived wouhl lead us to believe 
that each atom of hydr(»gcn does not remain (piietly 
in juxtapo.sition with the atom of chlorine with 
which it first united, but on the conirary, is (jon- 
.stantly changing places with other atoms of hydro- 
gen, or, what is the same thing, changing chlorine.” 
Clausius, remarking upon this quotation, points out 
that Williamsons theory itssumes a more frequent 
exchange of one atom for another than apjwars to 
him to be necessiiry for the explanation of electro- 
lytic conduction, in which case he observes, “ it is 
sufficient if the impact between complete molecules 
is occasionally and perhaps, comparatively speaking, 
rarely accompanied by an interchange of partial 
molecules." 

Since these views were cxpressetl by Clausius, 
' PhU. Mag,, 1850. 
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facte have become known which seem to show that, 
if'dbhe comparison of the dissolved with the gaseous 
state is accepted, electrolytic conduction should 
depend upon and be proportional to a dissociated 
state in the dissolved electrolyte, which increases as 
solution is more dilute. It has been stated, for 
example, that the depression of the freezing point 
of a solution of such a neutral compound as sugar, 
a non-electrolyte, is only about half the depression 
observed in the solution of an acid or a metallic 
salt which is an electrolyte. Arrhenius^ supposes 
that when an electrolyte is dissolved its ions separate 
from each other, not ordy, jis assumed by Clausius, 
to a small extent, but to a largo extent which 
increases with dilution ; so that in an infinitely dilute 
solution none of the original molecules of the com- 
pound exist, but oidy the clectrolytically active 
fragments of molecules or ions. When any electro- 
motive force is applied to an electrolyte, therefore, 
the current which passes is proportional to the 
number of ions leady to convey the electricity. 

There is therefore a fundamental difference be- 
tween the earlier and the later views of the process 
of electrolysis. According to the well-known hypo- 
thesis of Grotthus, introduced in 1805, and to be 
found in all text-books of electricity to the present 
day, the molecules of an electrolyte upon which no 
electro-motive force is acting must bo supposed 
to bo distributed at random throughout the liquid, 
» Zeitsekr. Phyt. Vkem,, i. (1887), 631. 
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and to be arranged in no sort of onior. WHien two 
metallic plates connected with a source of elcctricyty 
are dipped into the liquid, say dilute sulphuric* 
acid, the jwsitive electricity of one plate attracts 
the oxygen, while the negative electricity of the 
other plate attracts the h\drogen, with the result 
that the molecules of acid rang»' themselves in a 
multitude of j)olar chains ac ro.v, the space between 
the electrodes. Then, if the el(‘<‘tro-motivc force is 
sufficient, atoms of hydrogen are detached frcun 
one end of ail these chains, while the residues of the 
molecules left take hydrogen from the mljoining 
molecules, jind so the transfer of hydrogen from 
molecule to molecule occurs throughout each chain. 
Oxygen is liheratcil in a similar ^\ay at the surface 
of the opposite electrode, with a similar transfer of 
oxygen from mole<ule to molecule throughout the 
.series of molecides forming each chain. And thus, 
while hydrogen and oxygen are liberated in visible 
bubbles at the surfaces of tin* electrodes, no JUJtion 
is {X?rccptii)le within the li(piid which fills the space 
between, A difficulty about this hy|)othesis, which 
has become aj)parcnt oidy within recent years, is 
that it iussumes that the electrolyte is tom iisuTider 
into its ions by the action of the current. If 
that were the caise, each chemical couqjonnd would 
require the application of a certain detinitc mini- 
mum electro- motive force j>cculiar to itself before 
electroly.sis would begin. But decom|K)sition occurs 
even when the electro-motive force is extremely 



288 THE PROGRESS OF SCIENTIFIC CHEMISTRY [CHAP. 

weak, and it is therefore now more generally be- 
lieved that the current does nothing more than 
direct to the respective electrodes the already 
separated ions. According to the Clausius hypo- 
thesis these are few at any one instant, but as fast 
as they are driven to the electrodes and are liber- 
ated, others arc produced by dissociation within 
the liquid. According to the doctrine of Arrhenius, 
on the other hand, good electrolytic conductors are 
in a state of ionisation or dissociation, which is 
much more extensive, and which is increased by 
dilution up to a certain limit, when it may be nearly 
complete. The electric conductivity of a consider- 
able number of electrolytes, including all the most 
important acids, has been determined chiefly by a 
method introduced by Kohlrausch, which is to be 
found described in many text-books, and is based 
on the employment of an alternating current, thus 
avoiding tho difficulties arising from “polarisation” 
of tho electrodes and other causes. Tho results of 
those experiments have led to tho remarkable con- 
clusion that electric conductivity is directly related 
to chemical activity. Thus tho numbers expre.ssing 
tho ‘electric conductivities of a series of acids of any 
given degree of dilution, also represent very closely 
the relative powers of the same acids to efl’ect such 
chemical changes as the inversion of cane-sugar. 
The chemical activity of electrolytes is therefore 
directly related to the extent of the ionic dissocia- 
tion of the substance, if we accept the hypothesis, 
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and at the present time it musA be admitted that 
there is no escape by way of any bettor explanation. 
The same hypothesis accords also with the well- 
known fact that many of tho strongest acids, 
hydrogen chloride for example, are, when apart 
from water in the licpiid state, ln)th non-condu(;tors 
and non-electrolytes, and at tho .same time almost 
destitute of chemical activity. Tho most charac- 
teristic of all tho interactions produced by acids is 
that which follows from their contact with bases. 
This rcsidts in tho general formation of salts and 
water, hut an anomaly is hero noticed which is 
almost inexplicable without tho ionisation theory. 
Tho neutralisiition of an acid by a hiuse is atteralod 
by tho evolution of heat, and it has been generally 
8upi)oscd that the amount of hwit evolved in a 
given reaction is a measure of tho activity of tho 
affinities concerned, and of tho amount of energy 
which e 8 ca{M 3 s or runs down in tlie process. But 
when chemic;ally equivalent quantities of different 
acids arc neutralised by the srimo luisic hydroxide, 
say soda NallO, the amount of hciit evolved by strong 
acids is not much greater than that afforded by 
acids reputed weak. Many experimental investij^a- 
tions of this subject have lajen undertaken, but tho 
results of the work of Julius Thomsen (see p. 41), 
may be regarded as tho most exact and trustworthy. 
He found that when one molecule of soda, NaHO, 
dissolved in water is neutralised by different acids 
mixed with the same proportion of water, the amount 

T 
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of heat evolved may be represented by thermal units, 
expressed in the successive cases by the following 
numbers taken as examples : 


Name of acid. 

Amount required 
by NaHO. 

Heat evolved. 

Hydrochloric acid 

. HCl 

13740 

Nitric acid 

. .. HNO 3 

1.3617 

Sulphuric acid 


15690 

Pliosphoric acid 

. . iH 3 PO, 

11343 

Formic acid 

. HOHO 2 

13450 

Acetic acid 

. . HC 3 H 3 O 3 

13400 


These examples suffice to show that the heat de- 
veloped when an acid is neutralised by a basic 
hydroxide bears no very obvious relation to the 
chemical activity of the acid, as indicated by other 
chemical reactions in which it is capable of taking 
part. The ionisation hypothesis affords an explana- 
tion of this which is consistent with all the facts 
known. Tho heat produced in such changes as 
these is chiefly duo to tho formation of water, and 
not to tho production of tho several salts, which 
like tho acids and bases are electrolytes, and are 
therefore, according to tho hypothesis, dissociated to 
a considerable extent when in aqueous solution. 
Tlje change which occurs when soda and hydro- 
chloric acid are brought together is therefore not to 
bo represented by the familiar quotation : 

HCl hNaHO-NaCl f H,0. 

The expression must take rather the following 
form : 


H+ClfNa+HO=:Na + Cl+H,0 
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And fr )m this it appears that water is a com pound 
which differs from caustic soda and nearly all oth^r 
soluble oxides, chlorides, and salts, inasmuch as it is 
not under ordinary circumstances ionised to any 
considerable extent. This agrees with what is known 
of the properties of water as an electrolyte. It 
results from the ex|>eriinents <»f Davy, and (jf all who 
have followed since his time, that water is a very 
bad conductor, and its conductivity diminishes in 
proportion as it is deprived of diss(»lve<l siilts or 
other suhstance.s. Pure water is very diflicult to 
make, and still more ditlicult to preserve; but when 
every precaution Inis been taken to avoid contamina- 
tion from the ve.s.sel in which it is kept, and from 
the atmosphere surrounding it, the comluctivity is 
so .small that the rc.sults given by different ox- 
perimentors differ widely from one another. It is 
{icrhaps owing to this rornarkahlo p(.*<-uliarity that 
water so well plays its part in naturo «is a liquid 
which is almost absolutely neutral. While in some 
cases it behaves as a feeble acid, H.HO, and in other 
cases as a feebly basic hydroxide, its action is de- 
termined by the naturo of the subsUmce in con^ct 
with it. The pro|>crty whi<*h especially distinguishes 
water from the majority ()f other chemically neutral 
liquids is the pow'or it [xisscssos of rendering acids, 
bases, and salts electrolyti(»lly coinluctive when 
dissolved in it, that is, according to the hypothesis, 
causing them to be ro.solved into their respective 


ions. 
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,The heat of neutfalisation of acids per equivalent 
is from 13,000 to 14,000 calories on the average. 
The differences noticeable in the values given above 
are attributed to the different extent of ionisation 
in the different acids when mixed with the same 
amounts of water. They are also partly due to the 
fact that in some cases, notably that of phosphoric 
acid, the normal sodium salt supposed to bo formed 
is partially decomposed in the presence of water 
into soda and acid (hydrolysed), and hence the inter- 
action between equivalent quantities of base and acid 
is in such cases incomplete. 

Such in broad outline are the views accepted by, 
we must suppose, the majority of chemists at the 
present day. They arc consistent enough among 
themselves, but while they help to connect together 
many facts and phenomena they are still attended 
by many difficulties, and leave much that has always 
been obscure still unexplained. 

The ions, according to Arrhenius, are associated 
with electric charges, but whence these charges are 
derived is far from intelligible. Taking common 
sa\t, for example, this substance in the solid state is 
universally supposed to bo made up of atoms of 
sodium in juxtaposition with atoms of chlorine; 
when the wilt is dissolved in water a large propor- 
tion of the whole number of molecules are at onc^ 
resolved into ions of sodium with a positive charge, 
and ions of chlorine with an equal negative charge, 
and if the liquid is diluted the number of these dis- 
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socuited and charged particles inertMuses till there are 
very few, if any, molecules of salt left. It does nyt 
ap|)ear necess^iry to tlie i()ni<3 docirine, however, to 
assume the jx.‘rmanent resideiUH' of charges of elec- 
tricity upon the separat<‘d atoms. It is only neces- 
sary to state what is the fact, that there are two 
chisses of elementary atoms. One of tla'se includes 
hydrogen and the metals which, in \irtue. of some 
{icculiarity of their structure, are eapaide of becoming 
jissociatod witli a unit charge of positive eler-tricity, 
and conveying this from the [)o.sitiv<5 electrode to 
the negative in the process of electrolysis. The 
other class includes oxygen, the halogitns, sulplmr, 
and perhaps .some others, whicli are .similarly en- 
dowed with the power of conveying mgalivc elec- 
tricity only, and in the process of elca trolysis travel 
with their unit charges from the negative to the 
po.sitive surface. On such a hyjjothesis the initial 
difficulty as to the determining cau.se of ioni.sation 
when a .sul).stancc like .salt is dis.solved in water, is 
certjiinly not greater than that which attends the 
ordinary view ; and, further, it may be pointed out 
that it is not yet proved that all the elements come 
within the two cla,s.scs ju.st mentioned. Caflam 
notably seems to be incapable of a.s.suming the ionic 
state. Its chloride.s are non-electrolytes, as are all 
its hydrides,* and when electrolysis of a compound of 
carbon like acetic acid occurs, the hydrogen ion 

1 See, however, Helmholtz’s Faraday Lecture, J<mrn. CKem, Soe., 
39,291 ( 1881 ). 
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goes to the cathode (vs usual, while the carbon, carrying 
alfio some hydrogen with it, accompanies the oxygen 
to the cathode. The old question is, in fact, not yet 
finally answered: is chemical combination due to 
the joining together of electrically charged atoms ? ^ 
in other words, is “chemical affinity” identical with 
electricity ? This may be true of acids, bases, and 
salts, but there is nothing to lead us to suspect that 
the .atoms of carbon, hydrogen, and oxygen in sugar 
are held together in any such way. If the chemical 
energy of the sodium and chlorine becomes electrical 
when common salt dissolvc-s, there is no obvious 
rejuson why the chemical energy of tlic sugar 
should not, at least in part, undergo a correspond- 
ing change, and give an electrolyte, of which the 
hydroxyl prc.scnt in the sugar molecule would 
naturally be the negative ion. Sugar, however, 
shows a normal osmotic pressure, and does not 
conduct electrolytically. 

The only compounds of carbon which are capable 
of pure electrolytic decomposition are those which 
play the part of acids, and in su(di cases the carbonyl 
group, CO.OH, is usually present, and is resolved 
int<? H, which goes to the cathode, while the CO.O 
passes to the anode, dragging with it all the remain- 
ing carbon, hydrogen, and other atoms which are 
attached to it in the compound. It is easy enough 

1 In recent lectures at the Rojal Institution Sir J. J. Thomson 
has given reasons for believing that chemical combination does not 
take place between atoms oppositely charged with electricity. See 
also the “Bakerian Lecture,” Proc. Roy. Soc,, 9lA, 1. 
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to see why the conductivity of trichloracetic acid, 
CCI3.COOH, so greatly cxceetls that of acetic acW, 
for the anion has not the burden of hydrogen atoms 
to carry to the electrode, but has in the chlorine 
a passenger which actually helps to row ibo boat 
across. 

Nitrogen is another eleinenl about (lie capability 
of which to form an ion tluT*- was at one time 
some room for doubt. Ammonia is not an electro* 
lyto unless dis.solved in water, and then it lioliaves 
tus a hydroxide. Nitric acid is rc.solved into II and 
NO 3 . which is furl her broken up by electrolysis. 
The only ronn)oun<l in which nitrogen alone ligurcs 
as an ion ap[)ears to bo hydrazoie acid, or diazo- 
imide, HN.,, of which the ions mu.st be H and Nj. 
By electrolysis of its aipieous solution it is resolved 
into hydrogen and ordinary nitrogen {Journ. Chem. 
Site., 77, GOG, and 705). 

Electrical di.schargcs are capable, however, of pro- 
ducing other ert'ects than those which are manifested 
in the electrolysis of liquids. So long ago as the 
end of the eighteenth century it w.us observed that 
a [Kjculiar smell was develojxjd in the air near a 
frictional electrical machine, and the cause of ^this 
was shown by Schonlicin* in 1H40 to bo due to 
the production of a peculiar .substance, ozone, which 
later researches itlentificd with an allotrope of oxygen. 
The use of the .so-called silent discharge was* later 
adopted by Berthelot, and one of the most intcrcst- 

* For the history of Ozone, sec Odling, Proe. Rtty. 1872. 
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ing results of his experiments was the production 
0 ^ persulphuric anhydride The silent dis- 

charge, as well as the spark and the arc, appears to 
produce its effect by local sudden heating followed 
by rapid cooling, and the products usually consist of 
compounds formed by the union of the gases present, 
or products of condensation like ozone. Some of 
these interactions have lussumed within recent years 
considerable commercial importance, as, for example, 
in the condensation of atmospheric nitrogen and 
oxygen in the synthetic manufacture of nitrates, “ and 
in the combination of nitrogen and hydrogen for 
the production of ammonia. 

But the most surprising results have been observed 
when the discharge is caused to pass through a gas 
under pressure considerably below the ordinary 
atmospheric pressure. From the time of the in- 
vention of the induction coil, the phenomena ex- 
hibited by the discharge through rarefied gases, the 
glow, unequal at the two poles, the stratification of 
the luminosity, and so forth, have attracted consider- 
able curiosity. But improvements in the means of 
producing a high vacuum, and in particular the 
invention of the Sprengel and other forms of mercury 
pump, led to the discovery of very remarkable facts. 
In the hands of Sir William Crookes ® the phenomena 
led him, about 1879, to the conception of the ultra- 

^ Com^. Rend., 86, 20. 

* See “ The Utilisation of Atmospheric Nitrogen," by Professor 
Crossley, F.RS., Pharmaceutical Journal, March 1910. 

» Proc. Roy. Soc., 30, 469 (1880). 
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gaseous state of matter in which tlie moan free 
path of the molociih^ is suppcjsed to k^'orne so Mpg 
that they interfere with one anotlier hy (‘ollision to 
a comparatively slight extent. 

Tlic stream from the cathode is dotle(‘led by the 
approach of a magnet, and when it strikes on the 
wall of the containing ves.'-el, or on any solid j)laced 
in its path, it produ<r.s incande>< cnce or pho.sphores- 
cence. At the same time there is generated another 
kind of radiation discovered by Rontgen, and usually 
spoken of as the X-rays. These are capable of pro- 
ducing })hotographie ellects, and are peculiar in the 
power th(‘y pos.se.s.s of pas.sing through many sub- 
sUuicea wliich are opaejue to ordinary light. These 
X-rays are not su[)posed to bo material, for tliey are 
not deflected by a magnetic or electric field. On the 
other hand, the cathode rays, which were sup}>08ed 
by Oookes to con.sist of clectri(;ally charged tiwUvuIch 
travelling with great velocity, have* i)cen shown by 
Professor . 1 , J. Thomson* to consist of negatively 
electrified particles much smaller than molecules of 
ordinary matter. The methods by which this re- 
markable result has b<.>en jirrived at are described in 
Thomson’s works {Conduct ion of Electricity thfhxujh 
Gdscs, and The CorpUHcular Theory <f Matter). 

These minute particles, which have a m{i.ss approxi- 
mately hydrogen, were 

originally spoken of as corpuscles, but the name 
“electron,” first iised by Johnstone Stoney, is now 
‘ PkU. ifitg., 44, 293 (1897). 
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moat usually applied to them. That the charge they 
ca^ is negative is shown by the way in* which 
they are deflected in an electric field, and since 
one kind of electricity is never manifested without 
the development of an equal amount of the oppo- 
site sign, positively charged particles are to be 
expected. These have been recognised proceeding 
from the anode, and when a perforated cathode 
is used they form part of the rays which pass 
backwards through the hole in the plate. The 
latter arc known as canal rays or kanalstmhlen} 
These positive ions, however, have a much greater 
mass, which is never much less than that of the 
hydrogen atom. 

Negative corpuscles are produced in other ways, 
os by the action of heat on metals and other kinds 
of matter, and from radio-active substances, especially 
radium, and from these ohservations has been de- 
veloped a remarkable corpuscular theory of matter 
(J. J, Thomson in the work already cited). 

This theory assumes that the atom of the chemist 
is not the ultimate unit. Every atom must consist 
of a moss of electrons held together , within a shell 
of ffcsitive matter equivalent in amount, so as to 
produce a condition of electrical neutrality. When 
chemical combination exists between two atoms, it 
is assumed that each possesses a number of unit 

^ For the remarkable results obtained in the investigation of 
these rays, see the ** Bakcrian Leotnre *’ (Hay 22, 1913) to the 
Royal Society by Sir J. J. Thomson. 
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charges of electricity’ proportional to its valency, 
and opposite in sign to the charges possessed *by 
the atom with which it is iinitetl. Now what is 
called a charge of electricity apparently depends on 
the addition of an electron to an atom, or the sub- 
traction of the sjime amount from it, so that a 
negatively charged atom is associatt‘d with one or 
more additional electrons, whilo a positive atom has 
lost one or more electrons. Ramsay* has proposed 
to regard the electron as an element and to repre- 
sent it ivs a substantial link which binds atoms 
together in chemical union. When ionisation occurs 
the atoms are separated, the electrons remain attached 
to one kind giving them electro-negative characters, 
while the others having no attached electron exhibit 
electro-positi ve characters. 

A remarkable recent result of the study of the 
electric discharge through gases is the production 
of a chemically active modification of nitrogen.® Its 
activity is manife.stcd l)y the j)ow('r it possesses of 
combining directly with metals and of attacking 
nitric oxide and other gases when mixed with them. 
It has long been known that some gitscs in a vacuum 
tube show a luminosity after the dis(diarge crises, 
and this is specially characteristic of this active 
modification of nitrogen. Its activity is attributed 

^ The unit charge is 9G494 couloiubfi, or tlie amount carried by 
107*88 grams, or 1 gram equivalent of eilvcr (o tlu* cathmle in 
electrolysis. 

* Joum. Chm. Soc., 93, 774 (1908). 

* Strutt, Proe. Roy Soe., 85A, 219 (1911). 
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to the presence of dissociated atoms of nitrogen, 
tliTjir reversion to the condition of ordinary nitrogen 
being accelerated when cooled in liquid air, the glow 
apparently attending this process. 

In 1880 Professor H. B. Dixon ‘ discovered the 
remarkable fact that a mixture of carbonic oxide 
and oxygen completely dried is not inflamed by 
the passage of an electric spark in contact with the 
gjis. This attracted attention to other facts pre- 
viously known, which seemed to prove that chlorine 
in the absence of moisture was very far from being 
the active substance commonly supposed. Chlorine, 
it is now known, may be kept in contact with 
sodium, or with copper, for years without tarnishing 
the lustre of the metal, provided both have been 
most carefully dried, while on the introduction of a 
drop of water instantaneous combination occurs. 
Other experiments by Professor Brereton Baker 
have demonstrated that the combustion of carbon, 
sulphur, and even phosphorus in oxygen is pre- 
vented at temperatures considerably above the 
ordinary igniting points of these substances if 
moisture is removed as completely tis possible,* and 
that even ammonia and hydrogen chloride,^ and 
nitric oxide and oxygen do not combine when both 
gases are perfectly dry. On these and some other 
results attempts have been matle to construct an 

* Srit. A$soc. /tfport, 603 (1880). 

* Proc. &nf. Soe„ 46, 1-3 (1888). 

» JottfTi, Ckm. Soe., 611-624 (1894). 
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olectro-chcmical theory of combination, which, how- 
ever, requires that in all cases of union a smfcll 
quantity of some third substance, not necessarily 
water, must be present. It will bo necessary, how- 
ever, to study the conditions of cheniical change 
yet more fully and completely before anything more 
than partial and tentative hypothesis will bo within 
reach. 


BIOGRAPHICAL NOTES 

SvANTK At orsTK Arrhknh s, F.R.S. Diructor of tho Nobel 
Institute of the Academy of Sciences, Stockholm. 

Hkrheut Brkreton Bakkr, M.A. and D.Sc, Oxon, F.R.S. 
Professor of Chemistry in tho Imperial Collcf'o of Sciotico and 
Technology, South Kensington, London. 

Charles Blaoden, born 17th April ITIH. Knt., F.U.8. 
M.D. Edm. 1768. Sec. R.S. Medical Ollicer in tho British 
Army. He died in tho house of Borthollet at A\itouil, 20th 
March 1820. 

[Dictiotumj of National liioijrayhy.] 

RuDOLni JcLius Emmani ei (’LAI su «, born 2n(l Jan. 1822 
at Gorlin (Pomerania). Priml-ilornil in the University of 
Berlin, ho passed to the Professorship of Physics in tho Uni- 
versity of Zurich. Returning to (lermany in 18(57, he was 
appointed Professor of IMiysirs first m tho University of 
Wurzburg, and in I8()a in tho University of Bonn. • 

Ho died at Bonn, 24th Aug. 188K. 

[Poggendorff's UandwitrUrbuch, vols. ii. and ni.j 

Louis Casimir dk (Joppet, born in No.v York, 2l8t July 
1841. Ph.D. Heidelberg. 

William Cr(K)Kes, Knt., O.M., LL.D., F.R.8. 

Harold Baily Dixon, M.A. Oxon, F.RH. Professor of 
Chemistry in the University of Manchester. 



S02 THE PROGRESS OF SCIENTIFIC CHEMlSmY 


Luioi Oalvasi, born at; Bologna, 9fch Sept. 1737. ^ Doctor 
oi^^edicine and Professor of Anatomy at the University of 
Bologna. Discovered “ Galvanism," 1780. Died 4th Dec. 1798. 

[Poggendorfl’s Handworterhiich.] 

Thkodor von Grotthuss, born at Leipzig, 20th Jan. 1785. 
Studied in Leipzig, Paris, Kome, and Naples from 1803 to 
1808, and then settled on his hereditary estate in Russia. 

Died 14th March 1822. 

[ Poggo n d or ff’ s liamhvo Herb uch.] 

Frkdkricic Guthrik, born at Bayswater, Ifith Oct. 1833. 
Studied under Bunsen at Heidelberg, and took his Ph.D. at 
Marburg in 1854. After working with Frankland at Owens 
College, ho wont out in 1861 as Professor of Chemistry at the 
Royal (k)llego, Mauritius. Afterwards Professor of Physics in 
the Normal School of Science (Royal College of Science), South 
Kensington. Hu died 21st Oct. 1886. 

[Dictionary of National /iwyraphy.] 

Hkrmann von HKLMHOt.TZ was born at Potsdam, 3l8t Aug. 
1821. Ho went to school at the Gymnasium, in which his 
father was a Professor of Literature, and subsequently studied 
medicine at the Friodrich-Wdholm Institute, a military medi- 
cal school, where he remained till 1848. He was afterwards 
Professor of Anatomy in Bonn (18.5.5), of Physiology in Heidel- 
berg (1858), and of Physics in Berlin (1871). During the last 
years of his life he was Director of the Physikalisch-Technische 
Roichsanstalt at Charlottenburg, Berlin. It is imixjssible in 
a note even to indicate the extent and variety of the researches 
undertaken by Helmholtz, but the part ho took in establishing 
the doctrine of the conservation of energy and his views on 
galvanic polarisation and electrolysis as expounded in the 
Faraday Lecture will remain interesting to chemists. 

Helmholtz died 8th Sept. 1894. 

[Helmholtz Memorial Lecture, by G. F. Fitzgerald. Joum. 
Vhem. Soi'.f 69, 886 (1896). Appreciation by Lord Kelvin, Proc. 
Pay. Hoc., 57, 38 (1894).] 

Frikdrich Wilhelm Georg Kohlrausch, born at Rinteln 
a. d. Weser, 14th Oct. 1840. Ph.D. Gottingen, 1863. Became 



BIOGRAPHICAL NOTES 


303 


Professor of Physics first in Gottingen, then in Wiircburg, 
and in 1888 at Strasbourg. In 1895 he was appointed Pre- 
sident of the Physico-Technical Institute (lieichsanstalt) in 
Charlottenburg. Ho died at Marburg, 17th Jan. 1910. 

[Obituary notice, I'rof. Roy. Soc., 8.^)a, xi.| 

ArausT K.vrl Kro.smu, born 20th S»*pt. 1822. Toacher in 
tho Royal Real Schulo in Berlin. Died .')th Juno 1879. 

[Poggondorlf's liandu'nrUrhuch , vols. i .ind in ] 

Wilhelm Pfkffku, Gohoini-Hat. I’rofossor of Bottiiiy in 
tho UnivoiHity of Leipzig. 

Fuan<;ois Marie Raoi lt was Inirn 10th May 1832 at 
Fournos (Dep. du Nord), Franco. Without fortune or patron- 
age ho began the study of scionco in l‘aris, but being 
conijiellod to sock oinployincnt, he held successively small 
provinci.il appointmunt.s till in 1803 he obtained his degree 
as Doctour i.n Sciences Physupies in Pans, In 1807 he be- 
came Charge du Cours do Chimio in the Faculty of Sciences 
at Grenoble, and in 1870 ho was upjxiintoil I’rofessor. This 
Chair ho occupied till his death on Ist Aprd 1901. 

[Haoult Memorial Lecture. J. II, Van't llolf. Journ. Chrm, 
Soc., 81, 9G9 (liK)2).] 

Friedrich Hcdorff, Ixirn .3rd Nov. lK12at Werl, in West- 
phalia. Ph.l). Berlin, 18(51. Bi'camo Professor of Chemistry 
and Physics at the Bau-Akadeinie, ami in 1883 Professor of 
Chemistry in the Technical High School in Berlin. 

Died 29th Nov. 1{K)2. 

[Poggondorff 8 Ifajulrvorhrbnrh, vols. in and iv.] 

* 

Chuihtian Friedrich Schomiein, iMirn at Metzingen (Wur- 
temburg), IHth Oct. 1799. Ho Injcame a student in the Uni- 
versity of Tubingen in 1821, and subseiiuently in Erlangen. 
He afterwards spent a year or two in England, part of the 
time as toacher in a school at Epsom. In 1827 ho went to 
Paris with the object of pursuing his scientific studies, and in 
1828 he received a call to the University of Basel, where he re- 
tained the Chair of Chemistry till his death on 29th Aug. 1 868. 

[Obituary notice, Jmmi. (.'hem, Nfir., 22, x. (1860).] 



304 THE PROGRESS OF SCIENTIFIC CHEMIS’JRY 

WiLiJAM Ashwkll Shenstonb, F.R.S., was born at Col- 
c^tjster,* Ist December 1850, and was for twenty-eigbt years 
senior science master at Clifton College. He introduced the 
use of clear vitreous silica vessels about 1900. Shenstone died 
3rd Feb. 1908. 

[Obituary, Journ. Chem, Hoc., 95, 2206 (1909).] 

Hermann Johann PHrurp Sprkngel, F.R.S., was born at 
Schillorslago, near Hanover, 29th Aug. 1834. The son of a 
landed proprietor, he was educated at Hanover, and after 
studyi.ig chemistry and physics at Gottingen and Heidelberg 
he took his degree at the latter university in 1858. Ho came 
to England in 18.59, and for some time acted as assistant 
to Sir Benjamin Brodie at Oxford, till in 1862 he settled in 
London and occupied himself in research, Ho was the author 
of many inventions, especially in relation to explosives and the 
manufacture of sulphuric acid. But the work by which he will 
always be rememherod was embodied in the paper {Journ. Clietn. 
Hoc., 18, 9, 1865) in which he described the mercury pump. 
Without this invention the Swan and Edison glow-lamps, as well 
as many researches by Graham and other chemists, would have 
been impossible. He died suddenly in London, 1 1th Jan. 1906. 

[Obituary by R. Mossel, Journ. Chcm. Hoc., 91, 661 (1907).] 

Robert John Strutt, the Hon., M.A, Camb,, F.R.8., Pro- 
fessor of Physics in the Imperial College of Science and 
Technology, South Kensington. 

Aleh.sani)Uo Volta, born at Como, 19th Feb. 174.5. Pro- 
fessor of Physics first at tho Gymnasium at Como, 1774 to 
1779, then at the University of Pavia till 1804, He died at 
Corpo, 5th March 1827. 

[“Elogo Histori(}ue,” par Arago. Afm. Acwi. Sciences, 2mo 
ser., xii., Ivii.-civ. (1833).] 

John James Watkrston, supposed to have been an engineer, 
in Government service (?) in Bombay. Author of thirty-six 
papers enumerated in tho Royal Society Catalogue, the last- 
mentioned having been published in the /‘hil. Mag. for 1868, 



[OUAP. IX 


CHAPTER IX 

DISCOVERIES RELATINU TO THE EK^UEFACTION 
OK OASES 

It is perhaps not surprising that the older chemists, 
down to the middle of the seventeenth century, 
should have been almost entirely ignorant as to the 
relation of “ volatile spirits ” and air to other kinds 
of matter, and that no clear distinctions could ho 
drawn between the different kinds of air, whether 
as to chemical composition or physical projxjrtics, 
till the experiments of Black, Priesllcy, Cavendish, 
and Lavoisier in the middle of the eighteenth century 
brought so much new light upon this difficult sub- 
ject. For, down to our own day, notwithstanding 
exact knowledge as to their composition, a purely 
arbitrary distinction prevailed between “ permanent ” 
gases and other kinds of vaporisablc substance. Wo 
owe the abolition of this artificial and baselos-s dis- 
tinction, and our present convictions as to the unity 
of the essential nature of all terrestrial matter, to a 
long course of experimental inquiry, the history of 
which during these later years forms a tangled web, 
the several threads of which arc very difficult to 
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follow clearly, and the pursuit of which would not 
bo very profitable to the student.^ 

The first recorded reference to the liquefaction of 
a commonly recognised gas occurs in Fourcrays 
(Jhemiatry, vol. ii. p. 74, where it is stated, without 
any description of the process, that Citizens Monge 
and Cdouet have liquefied sulphurous acid (sulphur 
dioxide). The next experiment of the same kind 
was made by Northmorc, who, in 1805, reduced 
chlorine and probably also sulphurous acid to the 
liquid state by compressing the gas, by means of 
a brass condensing syringe, into a pear-shaped glass 
receiver.^ From this time till the subject was taken 
up by Faraday no gases were reduced to liquid, but 
in the interval Cagniard de la Tour carried out his 
remarkable investigation into the action of heat 
upon volatile liquids.® By heating to various tem- 
peratures water, or ether, or alcohol, contained in a 
gun-barrel stopped at each end, he was able to 
prove that such liquid may be wholly changed into 
vapour, notwithstanding the existence of an enor- 
mous pressure, and in the ciuse of ether the vapour 
thus formed occupies a volume less than twice the 
volume of the liquid from which it is produced. By 

1 A tolerably complete and impartial statement of the contriba- 
tions made to the subject of the liquefaction of gases by various 
experimenters who have devoted themselves to it, is given by 
Prince Kropotkin in the Niwteenth Century for Aug. 1898. For 
more recent results see article “ Liquefaction in Thorpe’ $ Dictionary, 
new ed.. vol. iii. 

* Nicholiion’s Journal, xli. and xiii. 

* Ann. Chim,, 2nd series, 21, 127, 178. and 22, 410. 
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enclosirg a stono ball in the tube along with tjie 
liquid, he was able to tell when the liquid hiltl 
entirely evaporated by the character of the sound 
produced within by rolling the ball to and fro, and 
he oven succeeded in making some rough estima- 
tions of the pressure of the vapour within. Similar 
results were afterwards obtained in glass tubes. 

The re.searclics which ultimately led to the lique- 
faction of all known ga.scs were begun by Faraday 
and Davy in IH23. 'fhe example of steam, which 
is known to be condensable to liquid water either 
by cooling or by pressiirc, would lead naturally to 
the belief that some at least of the sui>stances called 
gases might he vapours of very volatile hquids con- 
densable like .steam to liquid. In dealing with a 
gas two methods prc.sent thom.selves when the object 
is to subject it to pressure: the one already u.sod 
by Northmorc consists in the dire(‘t application of 
mechanical prc.ssurc by means of a pump; the other 
consists in enclo.sing materials from which the gas 
can bo generated within a tube strong enough to 
resist the pre.ssure of the gjis a.s it Jiccumulates. 
The latter was the method used by Faraday. Jho 
first case examined was that of chlorine, which had 
been found by Faraday him.self to form a crystalline 
compound with water. It is now a little doubtful 
what idea led to the heating of these crystals in a 
closed tube, and whether it occurred first to Davy 
or to his assistant. Faraday had been previously 
occupied with chlorine, and had discovered two 
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chlorides of carbon in 1820. But Davy sterns to 
have suggested the experiment which led to the 
observation of liquid chlorine, and to have regarded 
the condensation of the gases as his own subject 
(sco Faraday’s Researches, p. 139). Immediately 
after this muriatic acid was liquefied by a similar 
method, in which the materials used were sal-am- 
moufac and sulphuric acid, and Faraday, there can 
bo no doubt, was the operator. Faraday also lique- 
fied in gbiss tubes sulphur dioxide, sulphuretted 
hydrogen, carbon dioxide, nitrous oxide, euchlorine, 
cyanogen, and ammonia. There then remained only 
the gases of the atmosphere, namely, oxygon and 
nitrogen, beside hydrogen, marsh gas, carbonic oxide, 
and nitric oxide, which resisted all attempts by this 
method to change their state, and arsenettcd hydro- 
gen, hydriodic and hydrobromic acids, which were 
easily overcome by Faraday when some twenty 
years later he resumed his experiments upon the 
subject. In the meantime Thilorier in Paris, acting 
upon the same principle, with the substitution of 
metallic cylinders for glass tubes, prepared large 
quantities of liquid carbon dioxide, and was the first 
to obtain this substance in a solid state.' For this 
purpose ho used the now familiar method of allowing 
a jet of the liquid to escape through a fine orifice 
into a box of peculiar construction, where, in con- 
sequence of the evaporation of a portion of the 
liquid, the rest is chilled below its freezing point, 

‘ Ann. Chim., 60 (1836), 432. 
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and accumulates in the form of a fine snow-like 
powder. This solid material has ever since played 
a prominent part in many experiments re(piiring a 
low temperature, an<l though it is m»t l>y the aid of 
solid carbon dioxide that the most remarkable results 
have been obtainc<l, it remains to this day an ex- 
tremely valualdo crvogenic agent. In 1S45 Faraday 
published ‘ the results of further attempts to liquefy 
the gases remaining misubdueil by his earlier method, 
lie now employed two jiumps for e<»mpression, and 
glass globes fitted with stop-cocks as re<jeivers. The 
latter he cooled to a temperature of MUf F. below 
zero, by nuians of .solid carbon dioxide and ether boil- 
ing under reduced pre.s.sure. In .stating tbe con- 
siderations whieli led him to emph»y this agent, and 
in discu.s,sing the want of success in dealing with 
the six so-called permanent gases, Faraday evidently 
had ideas which came very near to an anticipation 
of the important principle established twenty years 
later by Andrews. With regard to the experimental 
conditions he say.s, “ As my hopes of success, beyond 
that heretofore obtained, depended more upon de- 
pression of temjKjrature than on the pr&ssuro which 
I could employ in tho.se tubes, 1 endeavoureik to 
obtain a still greater degree of cold. There arc, in 
fact, some results producible by cold which no 
pressure may be able to effect. Again, that beauti- 
ful condition which Cagniard de la Tour has made 
known, and which comes on with liquids at a certain 

‘ Phil, Trant. (1845), 155, and CnlUcUd Worki, p. 96, 
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heat, may have its point of temperature for some of 

the bodies to be experimented with, as hxygen, 
hydrogen, nitrogen, &c., below that belonging to the 
bath of carbonic acid and ether; and in that case 
no pressure which any apparatus could bear would 
be able to bring them into the liquid or solid state.” 
And later on he observes that “ the temperature of 
-106° F. below 0°, low tus it is, is probably above 
this foint of temperature for hydrogen, and perhaps 
oxygen and nitrogen; and then no compression, 
without the conjoint application of a degree of cold 
below that we have as yet obtainetl, can be expected 
to take from them their gaseous state.” 

Here, then, the resources of the physical labora- 
tory seemed to have been exhausted, and it is 
probable that, slowly as su(ice.ssive steps toward 
the desired end, the reduction of the remaining 
intractable gases, seemed to bo accomplished, pro- 
gress would have been still further delayed but 
for the important experiments of Andrews, which, 
though carried on during many years, were not 
published m exteiiso till 1861).^ Previously to 1863 
Dr. Andrews had observed that “ on partially lique- 
fying carbonic acid by pressure alone, and gradually 
raising at the same time the temperature to 88° F., 
the surface of demarcation between the liquid and 
gas became fainter, lost its curvature, and at last 
disappeared. The space was then occupied by a 

* “ On the Continuity of the Gaseous and Liquid States of 
Matter" ; The fiakerlan Lecture (Phil. Trane., 1869, ii. 575). 
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homogeneous Huid, which exhibited, when tho 
pressure was suddcidy diminishe<l or the temperatiifo 
slightly lowered, a peculiar appearance of nioviuj^ 
or flickering stria* throughout its entire moss. At 
temperatures above HH'" no a[)jMireul li(|uefaetion * of 
earl)onie acid, or separati»»ii into two distinct forms 
of matter, could be effected even wluai a pressure of 
.‘100 or 400 atmospheres was ,ij)j)li<‘d.” Andrews 
then proceeded to make a s<‘ries of exmd coift]«iri- 
sons of tho volume Jissumed hy carbon dioxide and 
air when suhinitted to pressure at suec’essive degrees 
of temperature starling from that of the air. 'fho 
results are most easily intelligible with the aid of 
the diagram given in the llidu'rian Lo(;ture. Hero 
the curves are drawn with refer<‘nee to two axes 
of rectangular co-ordinates; the volumes occU]>ied 
by the gases being the ordinates, ami the pressures 
the absci.ssa*, while the temperatures inarkfsl on each 
curve are maintained con.stint. 

The difference in the behaviour ol carbon dioxide 
and air when 8uhmitte<l to gradually increiusing 
pressure at the temperature of the air is well shown 
by tho curves. While air is .steiulily reduced in 
volume as pressure inercase.s, from 1 up to ^10 
atmospheres, carbon dioxide contracts at all tem])cra- 
tures more rapidly than would he indicated by 
Boyle’s law, and at the pressure of 49 S9 atmos- 

’ It is interesting here to compare Faraday's remark in : 

“ I am inclined to think that at 9(f Cagniard de la Tour's slate 
comes on with carbonio acid .” — CoUeeted Works, p. 109. 
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pheres liquefaction begins. This is shown in the 

curve marked 13°1 by the sudden change 'from a 
slope to a vertical direction. The other curves 
show tho nature of the volume changes which ensue 
when the same increase of pressure is applied at 
higher temperatures. Above 30° J)2 0. or 87°’7 F. 
Andrews found that no pressure wfis capable of 



producing visible liquefaction. This temperature, 
then, is called tho critical point; below this liquo- 
facUon occurs when sufficient pressure is applied, 
above it carbon dioxide behaves more nearly like 
a permanent gas in proportion as the tempera- 
ture is raised. All other gases behave in a similar 
way. 

On this series of observations Andrews was able 
to base an interesting distinction between a “gas” 
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and a “ vapour,” terms which up to this time 
had been used in an uncertain and arbitrary >fay. 
“ Ether,” he siws, “ in tlie staU> of gas is called a 
vapour, wliile sulpliurous :u‘id in the same state is 
called a g>is; yet they are both vapours, the one 
derived from a liquid boiling at 85®, the other 
from a liquid boiling at - !0® . . . Many of the 
properties of vapours depend <11 I lie gas and licpiid 
being present in contact with one another, and this 
we have seen can only occur at temperatures below 
the critical point. We may accordingly define a 
vapour t<i be a gas at any temperature under its 
critical jioint. ... If this definiti<»n be accepted, 
carbonic acid will be a vapour below 81®, a gas 
above that temperature; ether a vapour below 200°, 
a gas above that temjxirattin;.” 

The most important deiluetion from the results of 
these experiments, then, supplies a clear explanation 
of the difticulty encountered in attempting the 
liquefaction of the six exceptional gases. Up to 
this time the lowest temjx^ratures attainable had 
been above the critical points of all of them. It is 
now known that the critical temperature of oxygen, 
for example, is about - 1 IH° H ( .and that of nitrt)gen 
— 140°' (J. It was not till towards the close of the 
year 1877, that two experimenters working along 
distinct lines arrived by the use of two different 
methods at substantially the same result. On the 
24th December 1877, at the meeting of the 
French Academy, two communications announcing 
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the liquefaction of oxygen were received, the one 
frcHH M. Raoul Pictet of Geneva, the other from M. 
Louis Cailletet ‘ of Chatillon-sur-Seine. Pictet ^ em- 
ployed what was essentially the method of Faraday, 
that is, he generated the gas within a closed vessel, 
where by its accumulation pressure was generated, 
and he cooled the tube containing the gas. He 
attained the success which was denied to Faraday, 
by the more efficient cooling of the gas. By means 
of the evaporation of liquid sulphur dioxide, the 
temperature of —65° G is reached, and at this point 
carbon dioxide is easily liquefied. By the rapid 
boiling of the liquid thus produced, the temperature 
of — 140^ C. is attained. This is below the critical 
point lor oxygen, and the pressure employed by 
Pictet in his first experiments, amounting to about 
475 atmospheres, was, therefore, excessive and 
unnecessary. Liquid oxygen was formed in con- 
siderable quantity, but the announcement in the 
following month of the liquefaction and solidification 
of hydrogen wjis evidently based upon some error 
of observation, for we now know that the critical 
temperature of hydrogen is nearly 120° lower in 
the ^ale. 

Cailletet employed an apparatus, ever since 
familiarly known as a laboratory appliance under 
the name of the Cailletet pump, whereby a gas 

) “ D« la oondedMtioB d« I’oz^g^ne et de I’oxyde de c&rbooe,” 
L. Caill«tet (Compt. lUnd., 86, 1213). 

* "Szp^rienees sar la liqa^otion de I’ozyg^ne,” R. Pictet (Compt. 

JRmtd., 86, laU). 
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can bo subiuitted to considerable pre&sure, and 
when greatly reduced in volume the pressure •an 
bo suddenly relieved. Under these conditions tfie 
expansion of the giis pr(3<hices (tooling, iri consequence 
of which a portion of it appears in the Forin of 
minute dro))lets, of which a part remains suspended 
in the gas, giving the appearance of a cloud, and 
part usually collects in visible streams upon the 
side of the tube containing it. With this apparatus 
Cailletet reduced to the li(pii<l stale oxygen and 
carbonic oxide, beside ethylene and acetylene, marsh 
gjus and nitric oxble. 

Two n<uv remaincil of th<‘ original six uncon- 
densiible gases, namely, nitrogen and hydrogen. 
Nitrogen yielded in l.HH:i, in the hands of the 
Polish Professors Wrdblewski and Olszewski;' but 
hydrogen resisted for many years the alniost con- 
tinuous ctl’orts which were mmle to collect it in 
the liquid form, though in IH84. Wrdblewski* 
announcerl that ho had ob-sorvod an appearance of 
ebullition as of liquid in the gtus under experiment. 
This was contradicted by Olszewski, who in his 
turn almast immediately afterwards^ declared that 
he had obuined a similar efiect under .sornoirhat 
different conditions. The difficulties of the investi- 
gation now increased enormously, and it is not 
surprising that progress was slow, considering both 
the great pecuniary cost of the work, involving as it 

' Compl. Rend., 96, 1140 Md 1226. 

• Ibid., 98, 304. • Ibid., 98, .366. 
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did tho construction of much expensive apparatus, 
and the use of large quantities of liquefied gases, as 
well as the considerable personal risk involved in 
the oruployment of the very high pressures which 
the various reservoirs of gas were required to 
sustain. Henceforward, for nearly twenty years no 
new principle was introduced. Caillctet in 1882 
recoiumendcd the use of liquid ethylene for the 
production of low temperatures, and when by the 
aid of ethylene oxygen in a liquid state could be 
obtained in fairly large quantity, this also was 
employed as a refrigerant. The application of 
external cold to tho vessel containing the highly 
compressed gas was also associated with the cool- 
ing effect produced by expansion as in Cailletet’s 
method, and it was in this way that nitrogen was 
first li(iuelied by Wroblcwski and Olszewski in 1883, 
as already mentioned. By a similar process Olszewski 
got evidence of tho liquefaction of hydrogen, and 
was able a few years later to determine its critical 
temperature and boiling point ^ with some consider- 
able approach to accuracy. 

About this time, namely, in 1884, the production 
of iSw temperatures and tho liquefaction of gases 
became a subject of research in the laboratory of 
the Royal Institution, under Professor Dewar. He, 
like the Russian chemists, employed liquid nitrous 
oxide and ethylene as cooling agents, but save in 
the dimensions of the apparatus, no essential differ- 

* PhU. May., Aug. 1895. 
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ence is apparent in the published accounts of the 
methods of procedure, the principles involved be^ig 
exactly the same. Tho collection of large quanti- 
ties of liquid oxygen and liquid air has, however, 
provided the means of producing and maintaining a 
low temperature for a length of time, sufficient to 
allow a number of important Investigations to bo 
curried on, which have resulted in the discovery of 
many interesting facts relating to the physical and 
chemical properties of matter at temperatures not 
far above the absolute zero. Some of those will bo 
referred to later on. 

In the course of this work an ingenious device ot 
Profes.sor Dewar’s Inis provided the means of avoid- 
ing one serious difficulty. Of course all objects at 
the eornmon temperature of a room are at some 
200 degrees Oentigrade above the boiling points of 
these very volatile litjuids, and hen(‘e any glass or 
other vessel uschI for their colkulion is relatively 
very hot. When the liquid is |X)urcd intfj such a 
vessel violent boiling at first occurs until tho tem- 
perature of the glass is reduced to that of tho 
liquid. But even then heat passes from tho air 
into the walls of the vessel, and so to the liquief fast^ 
enough to cause very rapid evaporation and loss. 
This is avoided by immersing the vessel in which 
the liquid is to be collected in a .second vessel, also of 
glass, united with it at the mouth, and completely 
removing the air from tho space between the two. 
Across such a vacuous space no heat can be brought 
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by convection of air, and as under ordinary aircum- 
stAnces the amount of heat which is radiated to the 
contents of such a jacketed receiver is relatively 
small, vessels of this kind afford the means of storing 
liquid air, or oxygen, even for days, while the rate 
of evaporation becomes exceedingly slow. 

The year 1895 will bo memorable for the introduc- 
tion of a principle which, though previously known, 
had never before been made the basis of a method 
for effecting the cooling of a compressed gas. It 
has, of course, long been known that when a gas is 
compressed it becomes heated, and if the operation 
is performed quickly, so that there is no time for 
much loss by radiation or conduction, the tempera- 
ture may be raised very considerably. This is often 
demonstrated by the use of the so-called “ fire 
syringe,” which consists of a strong gloss tube closed 
at one end and fitted with a piston. By introducing 
a drop of an inflammable liquid, such os ether or 
carbon bisulphide, and then suddeidy forcing down 
the piston, so as to squeeze the air into a relatively 
small volume, a flash of light is seen, which is pro- 
duced by the ignition of the mixed air and vapour 
in the tube. Supposing a quantity of air compressed 
by a piston in a similar manner, and the heat dis- 
engaged is allowed to pass away, upon allowing the 
gas to expand again, and so to lift the piston against 
the pressure of the atmosphere, a corresponding 
cooling effect will result, and the temperature of the 
air will be lowered. This is, in fact, the principle 
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made use of in the most ordinary refrigerating 
machines, which are used for making ice for pre- 
serving meat, and for other purposes. 

About 1844 Joule made a number of experiments 
upon this subject, and demonstrated that the cold 
proeluccd by the dilatation of a gas results from 
the conversion of heat into work in accordance with 
the universal principle. He thought at firs^ that 
if the dilatation was so arningcd that the g>is did 
no work, then no cooling would resiilt. Hut it wiw 
pointed out later by Professor W. Thomson * (Lord 
Kelvin), that this is only approximately true for 
ordinary gases, which do not strictly comply with 
the gaseous laws connecting volume with pressure 
and tcmjxjrature, and that some cooling would occur 
under such (ionditions, the effect being the greater 
in gasas which, like carbon dioxide gas, were less 
perfect than others, like air. This wjis verified by 
experiment, gases under considerable pressure being 
allowed to esoipe through a porous plug. Air at 
16° (J. was found to be reduced in temperature 
about '26 of a degree Centigrjule for each atmos- 
phere of release, oxygen at 0° was cooled ’SIC® C., 
and carbon dioxide P252° C. pi‘r atmosphere. Yho 
amount of such cooling is approximately inversely 
as the square of the absolute temperature, so that 
the colder the gas is while under pressure the more 
it is cooled by release. At about —130° C. com- 

* XhomsoD’h Mathematical and PhysiaU Paper$, vol. i. (“ Therm*l 
Effects of Flnids 
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pressed air is cooled to the extent of about 1° per 
atmosphere taken off. 

This principle has been applied nol only by 
Cailletet in the apparatus successfully used in the 
liquefaction of oxygen, but by later workers in the 
various attempts to reduce oxygen to the liquid 
state. Thus Olszewski, in 1884, exposed hydrogen 
gas u,»idcr a pressure of about 150 atmospheres to 
the temperature of- 211® by means of liquid oxygen 
boiling under reduced- pressure. The pressure of the 
hydrogen wtis then reduced to about 20 atmos- 
pheres, and being thus reduced in temperature below 
its critical point a portion of it was liquefied. 

W. Siemens, in 1857, seems to have hatl the idea 
of regenerating ” cold by applying the same prin- 
ciple which is used in his well-known regenerative 
furnace for the storage of heat, but this idea was 
never carried into practice. Later, in 1885, Solvay 
patented a process based ujx)!! the same principle, 
which involved the use of an expansion cylinder. 
By such methods, however, the difficulty of exclud- 
ing access of heat from without puts a rather narrow 
limit upon the amount of cooling actually attainable. 

More recently a method has been devised by 
which such cooling effect can be made practically 
cumulative, the gas while still under pressure being 
cooled by another portion of the same immediately 
after release. A description of such apparatus by 
which practical results upon a large scale were ob- 
tainable was given for the first time by Herr Linde, 
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an engineer, of Munich ; ’ but a patent for an appli- 
cation of the same principle had been obtained pre- 
viously (May 23, 181)5) in England by Dr. W. 
Hampson.* Both machines have since undergone 
modification in <leUiil, and are now employed suc- 
cessfully on a manufacturing scale for the lique- 
faction of air for use lis a refrigerating agent, and for 
other purposes. It is impossible to descril)o the ap- 
paratus in detail without the use of many diagrams, 
but from what has alrciuly been said it will bo easily 
anticipated that it is only necessary to provide a 
spiral copper tube having a lino hole at its extremity 
for the osca|>o of the compressed gjus, and a metal 
cylinder surrounding the coil through which the gas 
enters, so that tlio gas cooled by expansion is made 
to return over the coils of [)ipc before escaping into 
the air. The entering gas thus has its tem|)erature 
continuou.sly brought lower and lower, till at last it 
is reduced below the critical jjoint of the gius, and 
the pressure being sufficient a portiem of the gas 
liquefies, and is blown in drops and spray out of the 
hole at the end of the spiral. Of course the whole 
arrangement requires to be very efficiently protected 
by non-conducting material against the entrance of 
heat from the outside air. 

By such means, then, all those substances formerly 
spoken of as “ permanent ” gases have been seen in 

‘ An account of tbeac experiraenta wa» given in tb© Kwjititer, 
Oct. 4, 1896 ; and later more fully in the Howard Lecturen, by Pro- 
fessor Swing (Journal of the Hodtty of ArU, 1897, p. 1091). 

* Described in tbe Journ. Soe. Chtm. Ind-, 1898, 17, 411. 
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the liquid state, and most of them also in the form 
0 ^ solids. Nevertheless, of the long-known gases 
hydrogen alone remained unobtainable \n quantity 
to allow of its more complete study. The boiling 
point and critical temperature were known approxi- 
mately from the experiments of 01szew.ski, but all 
attempts had failed to liquefy the element in such 
(juaid/ity that it could be retained in an open vessel 
under atmospheric pressure. This important and 
interesting result was ultimately achieved in the 
laboratory of the Royal Institution under the direc- 
tion of Professor Dewar. The apparatus employed 
was somewhat more complicated than that which is 
required in the case of air or oxygen, as it is neces- 
•sary to cool the gas strongly before using the self- 
intensive process already described. This arises from 
the fact that at the temperature of about -80° C. 
in the case of hydrogen the Joule-Kelvin effect is 
reduced to zero.’ It is gratifying to reflect that 
this should have been accomplished in the Royal 
Institution, where the first successes in this field were 
won by Faraday. The facts are as follows : 

On May 10, 1898, hydrogen was for the first 
time seen to drop from the nozzle of the apparatus 
into a specially constructed receiver, where some 
20 cubic centimetres, or nearly three-quarters of a 
fluid ounce, collected in about five minutes. Larger 
quantities have since been obtained, but the propor- 

’ Travers has described a modification of the Hampson liquefier 
using liquid air to cool the hydrogen.— Mag,, 1901 (6), 1, 411. 
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tion of the whole gjis reduced to the liquid state was 
in the etu-lier experiments only about 1 per cent. « 

Hydrogen in the liquid state is a clear, colourless 
liquid which exhibits a woll-delined surface. It is 
remarkable for its low density. This w<vs determined 
by measuring the volume of the gas obtained by 
evaporating 10 eubi(! centimetres, and was found to 
be rather less than 007, or ub«iut one-Jourte^’y^th the 
deuj^ity of liquid trat/’v ai 0^ One interesting point 
tus to the relations of hydrogen .seems to have been 
settled by these results. The favourite idea, probably 
originating with (Irahain, and generally h(‘ld for many 
years, has been that hydrog(*n wjus the vapour of a 
very volatile rnetal. Its axsociation with the metals 
in chemical and electrolytic (lec()mpo.sit ions, and the 
ab.sorption of largo (plant ititjs of the gas by palladium 
without loss of its metallic properties, always seemed 
to bo consistent with this notion. But it is now clear 
that hydrogen in the liquid state docs not exhibit the 
characteristics of a metal, but seems rather to find 
its nearest analogues in the gjuses of the paraffin 
series, marsh gJis and the rest, though liquid 
hydrogen has (*nly about (uuvsixtb the density of 
liquid marsh gas. The boiling point of this wonder- 
ful liquid wiis found by later experiments to bo 
about 252°-253‘" below the Centigrade zero, and 
therefore about 20® above the hy|X)thctical absolute 
zero. At about 4® lower it freezes into a waxy sedid. 

There now remained only one of the known gases 
which resisted all attempts to change its state, namely, 
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the inert gas helium. And for ten years it retained 
this exceptional position. As its molecular and 
atomic weight is 4, while the molecular weight of 
hydrogen is 2, it might perhaps have been expected 
to yield more readily, and its peculiarity is doubtless 
attributable to its monatomic constitution. Not- 
withstanding many attempts and some premature 
announcements, it was not till 1908 that definite 
liquefaction of helium in quantity which admitted 
of no mistake was announced from the cryogenic 
laboratory of Professor Kamerlingh-Onnes at Leiden.^ 
Two hundred litres of helium specially purified from 
traces of hydrogen wore cooled by means of liquid 
hydrogen, and at this low temperature circulated 
through the liquofier. More than 60 cubic centi- 
metres (over 2 fluid ounces) of liquid helium were 
obtained. The boiling point of the liquid is approxi- 
mately 4® ’5 absolute, or 268®-269° C. below 0® C. 
Though made to boil under diminished pressure it 
did not solidify. The density of the liquid is 0’15. 
In this operation probably the lowest temperature 
ever obtained has been reached. It is estimated to 
be below 2-5° absolute. 

T\ie question so often debated as to what would 
happen if a gas could be cooled to this absolute zero 
is already partly answered. All gases change to 
liquids before the zero is reached, but what would 
ensue if the liquid could be deprived completely of 
heat remains a question. We know that when a 
» Comja. Rend., 1908, U7, 421. 
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liquid is made to boil it carries off heat— so-called 
latent heat—iii the resulting vapur, und if changeil 
into vapour by reduction of pressure only, the latent 
heat is supplied at the expt‘nse of its own sensil>lo 
heat, and cooling is the result. As already stated, 
liquid helium htis given the best result. 

In such eases, of course, all ordinary tlicrnionieters 
are useless, and tem|)eratures have to be determined 
by a platinum resistance coil. Hut since the electrical 
resisUince of metals is mu(;h atfccUid by changes of 
temperature, the estimates arrived at can be only 
approximate. It .seems likely, therefore, that the 
absolute zero of the thermometric scale will remain 
for .some time a subject upon which the .scientific 
imagination can continue to he exerci.sed. 


HIOGHAPHH’AL NOTES 

Loeis Cau-i.ktkt, ironjiiaster at 

Locih Ci.oukt, born llth Nov. IT.'it. I’rofesnor of Chotnistry 
at the School of Ea^inoeriiif^ at M«'/,UTe8, then director of iron- 
works near Sedan. 

Diod 4th June 1801. 

James Ueavah, Knt., M.A., LL.1>., At., F.R.S., Jackljuian 
Profesnor of Natural Experimental Philosophy in the Uni- 
voraity of Catnbnd^o, Fulleriau Profesa<»r of Chemistry in the 
Royal Institution. 

Antoine Francois Fourcroy, born 15th June 1755. The 
son of an apothecary. Succeeded Macquer as Professor of 
Chemistry at the Jardin des Plantes, 1784. Associated with 
Berthollet, De Morveau, and Lavoisier in promulgating the 
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now system of nomenclature following on the discovery of 
oxytfen. r 

i)ied 1 6th Dec. 1809 

[Pogjifeiidortf’s Uamhcorterlnich. See also Grimaux’s Lavoi- 

«iVr.] 

Heikk Kamehlinoh-Onnen, Ph.D. Groningen, Professor of 
Physics, University of Leiden, Holland. 

Caul Paul Gottfuied Linok, Ph.D, Gottingen, engineer. 
For some years Professor in the Technical High School at 
Munich. 

Gahpard Monue, born lOth May 1746 at Beaune. Professor 
of Mathematics at the Military School of Mezicres. Held 
several ottices successively in Paris. Director of Ordnance 
under the Republic in 1794. Accompanied Napoleon to Egypt, 
and became President of the Egyptian Institute. Elected 
Senator 1 804, and created Count. 

Died in Paris, 28th July 1818. 

[Poggendorff’s llandworterbuch . ) 

Tuomah Northmohe, born in 1766, M.A. Cambridge. Scien- 
tific amateur. 

Died 20th May 1851. 

[IHdionary of Naiimdl Hmjiaphy,] 

Karol Stanislaus Olszewski, Professor of Chemistry and 
Director of the Chemical Institute of the University of Krakau, 
Poland. 

Raoul PikURK Pictet. In 1879 Professor of Applied 
Physics, University of Geneva. In 1886 removed to Berlin. 

Karl Wilhelm Siemens, Knt., F.R.S., born at Lenthe, - 
near Hanover, 4th April 1822. Came to England in 1842. 
Some years later founded the firm of Siemens Brothers, 
electrical engineers. Introduced the regenerative system of 
furnaces. 

Died 19th Nov. 1883. 

[Obituary, Proc. Roy. Soc., vol. 37. 
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ER^^E8T SoLVAY, cheiiiical inanufacttirer, BrussoU. 

THiL<jHiER (pnrnotnina ^), prol)ably aon of Jotin Cliaflou 
Thilorier, advocate and mechanical inventor, who died in Pafts, 
June IHIH. 

1 7h'of/ru/)/i iV U m vcmelle. ] 

/yomi nt Florenty WR<jnLttWsKi, iKirn 28th Oct. lK4fi, at 
(irodno, Russia. Ph.l). Munich !H7l Professor of Physics 
in the University of Krakau. 

Died 19th April IHHS, ^ 

[Poggendorfl‘’8 Haudicortcrhuch, vol. iv., and Ch^viu-al Newn, 
1888.] 
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CHAPTER X 

RADIO-ACTIVITY 

c 

The interdependence and indeed the inseparability 
of the two departments of science commonly known 
as physics and chemistry have never been illustrated- 
more remarkably than during the last few years. No 
history of progress in the one department can be 
traced without showing how the methods of experi- 
ment and observation and forms of hypothesis tradi- 
tionally Jissociated with the other are found to be 
indispensable. 

The discovery of the phenomena of radio-activity is 
quite recent, but it has already made very consider- 
able advances, which may be summarised for the 
chemist by the statement that it has added some 
thirty-seven new substances to the list of " elements," 
it has provided now methods of experimental re- 
search, and it has thrown some light on the tantalis- 
ing problem presented by the periodic law, and has 
encouraged further speculation as to the origin and 
life history of the elements. The field thus opened 
therefore leads directly to questions concerning the 
very foundations of the physical universe, and though 
at present it affects but slightly the progress of 
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ordinary c•he^li8tr}^ the ftiture will doubtless see 
profound changes in the theory of chemical action.* 

The discoveries which led to the isolation of radiiflu 
originated in the n^searehes of Professor H('nri 
Becquerol in connection with (he pheiionieiui of 
phos})horesccnce. The iinjuiry as to a possible con- 
nection between the emission of Iti.ntgc'ns X-rays 
and phosphorescence led him to examine the action 
of uranium salts, exposed to sunlight, on a photx)- 
graphir^ plat(! wrapped in thick black paper. On 
developing the plate an impre.ssion of the crystal wjis 
obtained. It wjis immediately afterwards found that 
previous exposure of the crystal to light was not 
necessary to the effect, which was produced ecpially 
well in the dark, and was evidently due to a projxjrty 
inherent in the uranium .salt. Very .soon after this 
discovery Bectpierel found that the new radiation 
had the power of rendering the neighbouring air a 
conductor, and .so discharging elc{;trifie<l bodies. 
Those and other experiments wore made in the early 
months of the year Ijivter researches by 

G. C. Schmidt' showed that comjMninds of thorium 
po.sscss similar propcrtic.s. 

About this time the phosphorc.sccnce and •thcr 
properties of uranium attracted the attention of 
Madame Marie Curie,* who applied the electrical 

1 Cojipt. Rend. (1896). pp. 420, 501, 669, 762, 8.65, and 1086. 

> Ompt. Rend. (1898). 1264. 

* “ Radio-active Sabslances ” : a tbeiii prasented to the FaoolU 
des Sciences, Paris. Translated into tbe Chemical New, Angnst 
1903. 
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method in measuring the radio-activity of a large' 
nymber of substances, including uranium and [horium 
alid their compounds. It was found that all the 
minerals which showed radio-activity contained one 
of these two elements, but certain ores of uranium 
exhibited an activity much greater than that of 
metallic uranium. It therefore appeared probable 
that these minerals contained a small quantity of a 
strongly radio-active substance. Accordingly Madame 
Curio, aided by her husband, Professor Pierre Curio, 
proceeded to subject the pitchblende from the 
Joachimsthal (Austrian) mine to a systematic chemical 
treatment, each product being successively tested for 
its radio-active power. The process led to the separa- 
tion of one strongly radio-active substance accompany- 
ing bismuth, and to this the name polonium was given 
by Madame Curie in honour of her native country. 
Another, oalled radium, which accompanies the 
barium obtained from pitchblende, was separated 
from barium by taking advantage of the difference 
in solubility of the chlorides in water, in dilute 
alcohol, or in dilute hydrochloric acid. Rixdium 
chloride is less soluble than barium chloride. Later 
experiments led*to the bromides being preferred for 
this purpose. 

A third strongly radio-active substance was identi- 
fied in pitchblende by M. Andr6 Debieme,' and was 
called by him actinium. Others have been announced, 
such as radio-lead and ionium, but up to the present 
1 Compt. /tend. (1899), 129, 693, and (1900), 130, 206. 
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radium compounds alone have been isolated in a 
pure state. The atomic weight of radium was esti- 
mated by Madame ('urie as the puritication pro- 
ceeded, and it wius shown to increase in proportion to 
the radio-activity of the- material, till in 1907’ it 
reached 22G 4. A later estimation by Thorpe,* made 
with about seventy milligrams of ih<' salt yielded 
the figure 22()7. Exjxjrimeiii.s by Ilamsay and 
Whytlaw-Gray, using a different method, gave S2()'3() 
as the atomic weight.* Ihidium is a bivalent ele- 
ment, and belongs to the same series in Mendelecff’s 
table a.s barium, which it re.sembles closely in its 
chemical reactions and in the properties of its 
salts. 

Metallic radium Inus been isolated an<l is found to 
melt at about 700° and to bo more volatile than 
barium. Like the alkaline earth meUls it decom- 
poses water and forms a soluble hydroxide. The 
chloride and bromide are isomorphous with the 
corresponding compounds of barium. It is, however, 
the physical pro|>erties of this element which have 
excited the greatest interest. Jn the first phioe, the 
radio-activity of radium as measured by its action on 
the electroscojK) is about 2,000,000 times th»t of 
uranium, and as the result of the researches of various 
physicists it has been shown that the radiation is 
complex in character. 

I Compt, Rmd. (1907), 145, 422. 

* Proc. Roy. Soc., 80, 298 (1908). 

* Proc. Roy, Soc., 86, 286 (1912). 
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Adopting the notation introduced by Professoi 
Rutherford, the rays which are given off fronf radium 
{fiid other active bodies are distinguished &s a, p, and y 
rays, and they are recognised and distinguished from 
each other by their behaviour in a magnetic field. 
From the mode of their deviation and from their 
different powers of penetrating solid bodies, it has 
been shown that a and p radiations consist in fact 
of solid particles projected with great velocity, while 
the y rays arc supposed to resemble the ROntgen 
rays. A very remarkable property of radium (and 
of some other active elements) is the continuous 
emission of a dense chemically inactive gas. The 
fact that it is carried away from the solid radio-active 
substance by a stream of air led to its detection. 
It is liberated more readily by heating the radium 
compound or dissolving it in water. It can be con- 
densed to a liquid by cooling to about - 150°, and 
when dissolved in water it decomposes that liquid into 
hydrogen and oxygen. The emanation of radium 
emits only a rays, and its activity, like that of the 
other emanations, diminishes with time, though less 
rapidly than those from actinium and thorium. 
Ractum emanation loses half its activity in rather 
less than four days. Tiro loss of activity has been 
connected with the simultaneous production of 
helium, a discovery of great interest which was made 
by Ramsay and Soddy ^ in 1903, and has been con- 
firmed by several other observers. But a step of even 
* Proc. Ro^. Soe., 72, 804 (1903). 
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greator importance was taken when it was shown 
that the a particles emitted by radium, hy the 
emanation as well as by other kinds of nulio-active 
matter, consist of atoms of helium carrying two unit 
positive charges. This idea is duo to the insight of 
Professor E. Rutherford, to whom we owe a theory of 
radio-active change which is now generally accepted. 
He has shown that radium and the similar elements 
undergo a spontaneous disintegration which is the 
cause of their radio-activity, and that each gives rise 
to a series of pr<Klucts which are separable from one 
another by their diUcriincc of volatility, and are 
recognisable by the rate at which their rosp(M;tive 
qualities of radio-activity diminish. Thus riulium 
gives out a [wrtlcles, that is charged jitonis of helium, 
beside the emanation. Its jx'riod of half transforma- 
tion is calculated to bo about 2000 years. ITio 
emanation in its turn gives off a particles with a 
period of 3 85 days, and is transtbrrned into a solid 
with a short life, and it hjis been shown that this 
last subsUince, known (is radium A, gives rise to 
at least six succes.sivo transformations of a similar 
character. The following diagram indicates the 
general character of the.se products, and radiaWons 
which are emitted from them, tf»gether with their 
half-value periods ; 


a 

Emanation >> 
3 85 days. 


a Py a(iy 

t tt ^ 

RaA -♦ RaB -► RaC 
3 mins. 26-8 mins. 10-5 mins. 
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The three next stages are produced ^ corn- 


p&ratively slow 

transformations : 

. 

Slow 8 

weak y 

a 

t 

-> RaD ->• 
(Niton) 
years. 


t 

RaF (Polonium). 

5 days. 

136 days. 

Thp amount ^ 

of polonium isolated up to the present 

is exceedingly small, much less than the amount of 


radium. It appears to exhibit a distinct spectrum, 
but except that it closely follows bismuth in its 
chemical reactions very little is known about it. 
When it decays the residue exhibits no radio-activity 
and is believed to consist of lead, which is thus the 
final and comparatively permanent end product of 
the transformations of radium. 

The estimation of the density of the radium 
emanation (called by Ramsay niton) has been 
accomplished by Gray and Ramsay.^ Details of 
the construction of the micro-balance and other 
apparatus rcf|uircd, and the principle involved in a 
now method of weighing and measuring a minute 
quantity of gas, arc given in the memoir {loc. ciL). 
Wh*cn it is remembered that the volume of gas 
measured was only about cubic millimetre, 
and its weight about milligram, and that a 
balance was required which would indicate a 
difference not greater than xxnAnnr milligram, the 
extraordinary delicate nature of some of the opera- 
^ Pm. Roy. Soc., 84, 636 (1911). 
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tions required in this department of research 
becomes obvious. The atomic weights doducfld 
from these experiments ranged between 218 and 22^, 
with a moan equal to 223. The density of niton 
is therefore about 1 1 1 , h ydrogcai bt-ing unity. The 
atomic .weight of radium having been settled by 
pre’vious observers as approximately 2204, the 
authors show that three atoms of helium (at.^wt. 4) 
are lost hy niton in its decay, and since it had been 
rendered ahnost certain by the work of Dewar, and 
from experiments hy Rutherford and hy Itamsjiy and 
Sodd} , that four atoms of helium .scpjirate from one 
atom of radium, “it follows that one helium atom 
must escape when radium changes into its emana- 
tion : hence the true atomic weight of the emanation 
must he 222 4. This number hardly differs from the 
mean (223) of the atomic weight dcsterminations 
given in this pa[Kir.” 

It may be added here that niton as a chemically 
inactive gas is placed by Ramsay in the argon group 
of elements, notwithstanding its instability. 

During the transformations of the nulio-active 
elements the expidsion of one or more a particles 
(helium) or ji particles (electrons) is attended By a 
loss of energ)’, which appears in the form of hrait. 

Tliat a radium salt is always at a tenq>craturo 
about 2° above its containing vessel was di.scoverod 
in 1903 by ('urie and Laborde.^ The results sub- 
sequently obtained .show that one gram of nwlium in 
» Compt. Rfnd., 136, 673 (1903). 
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equilibrium with its moducts spontaneously develops 
a t}uantity of heat approaching 110 calories per hour. 
In order to account for this loss of energy it was at 
one time supposed that tho radio-active body had the 
power of acting as a transformer of energy derived 
from external sources. This hypothesis has, however, 
given place completely to tho disintegration theory 
alroacjy broadly described. A question next arises as 
to tho final products of j,ho disintegration, and much 
speculation has already been provoked on the subject. 
An instance hiis already been referred to in tho case 
of polonium, and its supposed resolution into helium 
and load. Whether tho other radio-active bodies 
give rise by similar operations to common elements 
of lower atomic weight is .still the subject of inquiry. 
Quite recently tho position of the radio-active 
elements in relation to the periodic scheme has been ' 
the subject of remarkable papers by Profe.ssor Soddy * 
and Dr. K. Fajans.'^ Soddy states in his book, 
Chemistnj of the R<uiio-Ele')wnts,^ that when the a 
particle is expelled from an atom the element prnes 
from a group of even valency in tho periodic table to 
tho next lower numbered group of even valency, the 
fam^ily of odd number being always missed. But 
sometimes when the a particle is not lost, the atom 
undergoing change reverts to its original group. 
Further, it is assumed by several writers that when 
a rayless or ray change occurs, tho atom changes in 

‘ Chtmtcol New$, Feb. 28. 1913. 

* Berichlf, 46, 422 (1913). * Longmans, 1911. 
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'^chemical nature, passing from odd to even valency, 
or even ‘to odd valency. Following the course of t(^e 
disintegration of uranium, thorium, and actinium 
respectively, products appear to be formed of ap- 
proximately the same atomic weight an<l the same 
valency, which are so closely similar to one another 
jis to be inseparable by any chemical process. Thus 
it is said that the six products of the three series, 
namely, the lead resulting from the decfly of 
polonium, that derived from thorium C, radium D, 
thorium B, radium B, and actinium B, with calculated 
atomic weights ranging from 210 to 206, are non- 
separable from lead with atomic weight 207i. In 
fact, that the lead of nature is a mixture with an 
average atomic weight of that value. This is to give 
a new meaning to the term atomic weight which 
recalls the speculations of Sir William Crookes nearly 
thirty ye^irs ago on the subject of “ Elements and 
Meta-elernents.” ^ 

The whole subject is, however, in its infancy, and 
though in active and vigorous growth, it will probably 
require the labour of a generation to place the 
chemical relations of the elements in a position 
beyond further dispute. 

The discoveries of which a brief and necessarily 


* Presidential address, Jmm. Chem. Soc. (1888), 487. 

For a complete aocoont of radiom and of all that (h known 
concerning the reet of the radio-active elomente, the reader 
will do well to conanlt Professor Ratberford’a Radio-active Sub- 
atanctM and their RadiatwM. (Cambridge Univereity Press, 
1913.) 
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imperfect sletch has just been given, together with^ 
tl\e extraordinary results of the researches of Sir J. 
Jf Thomson and his school in connection with the 
effects of the electric discharge on gases, have proved 
that the atom of the chemist, hitherto assumed to 
bo the indestructible physical unit of mass, is not 
only a complex body, but is resolvable into smaller 
particles. It is natural that this new knowledge 
should have stimulated speculation as to the origin 
and mode of formation of matter. It is impossible 
in one chapter to provide oven a superficial review 
of the numerous hypotheses which have been pub- 
lished to the world during the last thirty years, but 
a general indication of their nature can be given 
in a few linos, and the reader who wishes to pursue 
the subject must bo prepared for an extensive litera- 
ture in several languages. 

Broadly speaking, one view most commonly ex- 
pressed assumes a process of evolution in or firom 
a primal ‘‘ urstoff ” or protyle, the irptorr) vXr) of ancient 
speculation. By a gradual process of condensation 
analogous, though not necessarily similar, to chemical 
polymerisation, the elements are supposed to have 
comg into existence one after the other in the order 
of their atomic weights, beginning with the smallest. 
Each atomic mass is thus assumed to represent a 
stable aggregation of the fundamental stuff. Why 
each of these should be stable while intermediate 
masses are not so does not appear. One form of 
this view has been developed by Professor Emerson 
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^ Reynolds,^ and subsequently expanded by Sir William 

Crookeu * It appears to assume that while, generojly 
speaking, tJhere is a gradual change induced by fell 
of temperature or some similar physical condition, 
there happens at regular intervals a check of some 
kind which givas rise to a recurrence of the same 
changes in order, so jis to account for the periodic 
characters of the elements as w(' know them, arranged 
in the order of their atomic weights. * 

Other writers have suggested the e.Kistcnco of two 
or more primal materials which, by condensiition 
together, account for the evolution of the elements 
with the positive and negative characters which the 
various families exhibit. For some of those specula- 
tions the authors look for support in the spectro- 
scopic observations of the stars and nebula', which 
not only show lines unknown in connection with 
terrestrial matter, but that the elements of low 
atomic weight appear to be more widely distributed 
than those of high atomic weight.’ 

Since the acquisition of knowledge as to the 
properties and origin of the radio-active elements, 
the idea of devolution of more complex to simpler 
forms of matter has come into the field of spq^iula- 
tion. An attempt to apply this idea hiis already 
been referred to (p. 336). But it is of course im- 
plied in the assumption, which seems to be generally 

’ Ckemioal News, 54, 1 (1886). 

* Proc. Roy. Soc., 63, 409 (1898). 

* A sketch of the more important of these hypotheses is given 
in The Elements, W. A. Tilden (Harpers’). 
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accepted, that uranium is the parent or grand- < 
pa^’ent of radium. 
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Hknri Bkcquerel was bom in 1852. A member of a re- 
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which have occupied in succession tlie Chair of Physics in the 
Laboratory of the National Museum of Natural Histo^ in 
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Polytechnique. Ho then went into the Corps des Fonts et 
Chaussces, and worked as an engineer for three years. In 
1875 he published a work which gained him a position as 
Demonstrator at the bjcole Polytechnique, where he became 
Professor in 1895. In 1878, on the death of his grandfather, 
Antoine Cesar Becquerel, he became assistant in the Museum 
under his father, Edmond Becquerel, then professor. He 
succeeded to the Chair in 1892. 'i'be present occupant of the 
Chair is Monsieur Jean Becquerel, the son of Henri Becquerel, 
who died 25th August 1908. 

[Becquerel Memorial Lecture, 0. Lodge. Jonni, Cliem. Soc,, 
101, 2005 (1912).] 

Jameh Emerson Reynolds, M.D , Sc.D. (Dublin), F.R.S, 
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Wilhelm Conrad Rontoen, Excellenz Geheim-Rat, Pro- 
fessor of Experimental Physics in the University of Munich. 
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Chemistry and Radio-activity, University of Glasgow. 
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of Munster. 



BIOQRAPniCAL NOTES 


341 


Marine Curie, n^e Sklodowska, widow of Profussor Piorro 
Curie, Professor in the St)rbonne, Paris. * 

’ • 

Pierre Curie was born in Paris, 15th March 1859, and was 
educated at the Sorbonne. Ho was appointed Professor of 
Physics in the lilcolo Municipale in lHt)5, ajid in IIHX) ho 
became Professor in the Sojbonne. In 1H!J5 he married 
Mario Sklodowska, then a student at the Municipal School, 
and jointly with her ho pursued resoarrhes into tlie phonomona 
of radio activity. In 190.3 the Davy Medal was conferred by 
the Royal Society on M. and Mmo. Curie, and they share*! 
with Henri Becquerel the Nobel Prisw for Physics. In the 
Siime year Curie lectured at the lh>yal Institution, London, 
on radium. By a lamentable street accident he was killed in 
Paris on the 19th April 190(>. 

[Obituarv, Nature, 73, <il2. | 
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CHAPTER XI 

SUMMARY AND CONCLUSION 

It must now be evident to the reader that ideas of 
the present day relating to the act of chemical 
combination and the nature and constitution of 
chemical compounds are very different from those 
of a hundred or even fifty years ago. The Atomic 
Theory has been not only received as affording a 
plausible explanation of the familiar quantitative 
laws of chemical combination, but the theory has 
been enthroned as the predominant and indispen- 
sable doctrine to which every question in modern 
chemistry is referred, and of which the triumphs 
of modern theory supply the justification. Without 
the Atomic Theory and the doctrine of the orderly 
linking of atoms, the natural outcome of the recog- 
nition of that property of atoms which is now called 
their valency, “ organic ” chemistry would be a heap 
of confusion, and progress very slow if not im- 
possible. The Atomic Theory, however, was not 
established without a struggle. The early crude 
results of quantitative analysis were suflScient for the 
genius of Dalton ; but the fixity of combining pro- 
portions can hardly be said {o have been folly 



XJ] % 


INFLUENCE OF MASS 


343 


established till the researches of Stius (p. 103) sup- 
plied the jiccessary facts. The problem which Ted 
Borthollet in the early years of the nineteenth century 
to dispute the truth of this fundamentiil proposition 
is one which has ever since attbrded material both 
for experimental inquiry and theoretical discussion. 
We are quite satisfied now that every chemical 
compound is definite in its nature, and (iiat its 
constituents are joined together in proportions 
which cannot be varied except per snlhvtn, and then 
a new substance is produced. But the youngest 
student in practical chemistry s<)on finds out (hat 
the production of any given compound is larg<5ly 
dependent upon the conditions of tb(5 exj)oriment. 
Of these conditions, one very important is the 
relation between the quantities of the acting mate- 
rials, another is the nature of the products of their 
interaction, whether solid, liquid, or gaseous, soluble 
or not soluble in the menstruum employed, and 
so forth. A beautiful experiment, illustrating the 
effect of mass or relative quantity, may bo seen 
by mixing together a dilute solution of ferric , 
chloride in water with a similar solution of potas- 
sium thiocyanate, when the familiar red coloration 
due to the production of ferric thiocyanate appears. 
If now this liquid be divided into two equal parts, 
and to one is added some more of the ferric 
chloride, a deepening of tint will be observed, which 
seems to indicate that the iron was deficient in the 
original mixture. But if to the other portion of the 
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red solution a further dose of the thiocyanate added, 
a ’similar deepening at once results. This, on the 
otVer hand, seems to show that the thiocyanate was 
added to the original in insufficient amount. These 
results seem contradictory, and at first sight the 
explanation is not apparent; but on trial it will 
be found that, in order to produce the maximum 
effect,* one or the other of the acting materials 
must be used in very great excess over and above 
the quantity indicated by the thecjretical equa- 
tion which would be used to express the change. 
And so in many other instances wo have to 
seek the conditions under which, in any system of 
bodies capable of acting upon one another, equili- 
brium can bo established. In most of these cases 
the changes which occur arc reversible ; that is, 
they proceed in one direction till certain quantities 
of the products of interaction have accumulated, 
and the action then comes to an end. This we can 
now explain by a hypothesis which in its original form 
we owe to Williamson (see p. 28.5). It is now clear 
that we must exchange the older statical views of 
chemical compounds, and their modes of interaction 
with t)ther compounds, for others which involve the 
idea of motion among the atoms. 

In every such system as that described above we 
have two changes going on simultaneously, the one 
between the two original substances, in this ease 
ferric chloride and potassium thiocyanate, and the 
other between the products o^ their interaction, 
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namely, potassium chloride and ferric thiocyanate. 
If these two changes take place 'at different rat?>s, 
more and more of one of these pairs of compounds 
will accumulate ; when they go on at the same rate, 
then action appears to bo at an end, be(*anse ocjnili- 
brium has been established. Tlie action, however, 
must be supposed to continue, and the equilibrium 
results from the two opposite interactions piocecd- 
ing at the same rate. Such changes are generally 
represented by an e(|uation in which the sign of 
equality is replaced by a pair of arrows pointing in 
opposite direction.s, to signit'v that the e(juation may 
be read backwards or forwanls, thus- 

FeCb-|-3KCNH;!lFe((’NS), ! 3K(’l. 

If now into such a .sy.stcm in e(juilibrium a larger 
quantity of any one of the substances present is 
introduced, a disturbance is set up which leads to 
the redistribution of its elements to a greater or lass 
extent. This disturbance, there is retison to believe, 
is dependent upon the increa.sed ojqwrtunities which 
are afforded to the constituents of the jidded sub- 
stance of meeting and reacting with the other 
elements present; in the cjuse U»ken by wXy of 
illustration, the addition of more of the iron salt 
gives increased chances for the iron to find out the 
unchanged thiocyanate present in the liquid, and 
vice versH. Of course, in all such cases the extent of 
the change is also largely dependent upon tempera- 
ture, and where gaseous products are formed it is also 
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much (lopeiulent upon pressure. The naturg of the 
solvent employed is important, for in the event of 
gas escaping, or of a solid precipitating, a part of the 
material is eliminated from the sphere of action, 
and a disturbaiKJe of proportions ensues. In such 
cases the theoretically possible change is usually 
completely accomplished. 

So * early as 1852 experiments were made by 
Bunsen,^ with the object of testing the “Law of 
Mass.” He exploded mixtures of hydrogen and 
carbonic oxide with oxygen in different proportions, 
insufficient to burn both the gases; but the conclu- 
sions ho arrived at were afterwards shown to be 
erroneous. 

Studies relating to the rate at which chemical 
change proceeds in particular cases have been 
undertaken by many chemists during the last forty 
years. One of tho earliest Wiis the investigation of 
the formation of compound ethers, by the inter- 
action of alcohol with acids, by Berthelot.* He 
found, as we should now expect, that the interaction 
proceeds more and more slowly as the ether and 
water are formed, until ultimately it comes to an 
end, ^although both acid and alcohol remain in the 
liquid. Another important research was carried out 
by A. Vernon Harcourt and W. Esson,® in which they 
demonstrated the influence upon the rate of change 

^ Liebig^i AwnaUn, 86, 137 (1863). 

* ilnn. Chim. Phyt, [3], 66, 386 ; 66, 6 (1862). 

» Joum. Chem. Soc. [2], 6, 46% (1867). 
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01 varying the proportions of tho materials in the 
reactions they examined. Other special cases have 
been examined by Gladstone, Horstmann, Dixon, 
Deville, Ostwald, Thomsen, and otliers, some of 
whom have been referred to in a previous chapter. 
But the merit of formulating tlie fundamental prin- 
ciple of the action of mass, and thus bringing into 
.scientific form previous vague notions about jiifinity, 
belongs to the Norwegian physicists (luldberg and 
Wiiage. Their book, entitled Mmlcs mr les affiniUn 
chimiques, published by the University of Ghristiania 
in 1867, contains an investigation of the law of mass 
action, which has been of great .service to thcoreticjil 
chemistry. A di.scus.sion of the theorem would bo 
unsuiUible to the.se pages, but sufficient has been 
said to indicate the general nature of tho inquiry. 

Temperature, as already explained, is a very im- 
portant factor in tho circumstances which deterniino 
the rate of chemical change. At tho low tempera- 
tures now obtainable by liquid air or oxygen all 
chemical activity seems to be suspended, while at 
the opposite end of the .scale, at tho temperatures of 
the electric arc or spark, all ordinary chemical com- 
pounds seem to be broken up into their elemenl?». 

Chemical combination, then, is an affair of atoms, 
and their joining together or separating is regulated 
by “affinity,” by temperature and pressure, and by 
the mass or relative quantities of the materials pre- 
sented to each other. 

Whether isolated ^toms or groups of atoms bearing 
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electric charges, that is to say ions, are the in^^ediate 
pJirties in any given chemical action or reaction, 
or whether an interchange between two molecules 
is preceded by combination of the molecules con- 
cerned in the form of a temporary union, or 
whether again all atoms are capable of developing 
“ residual valency ” by which they become attached 
to otlicrs in a more or less permanent way are subjects 
on which hypothesis has been lavished freely. 

It is not improbable that physical conditions as 
well as the chemical characters of the elements con- 
cerned influence the mode of attack profoundly, and 
that the explanation of chemical change is not to bo 
attributed in every case to the same mode of action. 

The general adoption of the Atomic Theory was 
followed half a century later by the great generalisa- 
tion known as the “Periodic Ljiw.” According to 
this principle, expressed in the words of Mendelt^efF, 
“ the properties of the elements as well as the forms 
and properties of their compounds are in periodic 
dependence on or form a periodic function of the 
atomic weights of the elements.” Until very recently 
the general truth of this statement had been demon- 
strated in respect to every known property of the 
elements with one exception, namely, the specific heat 
of these substances in the solid state. It has been 
mentioned already (p. 99) that this property varies 
considerably with temperature, increasing regularly 
with rise of temperature and diminishing with 
cooling. It is only at the low ^mperatures attain- 
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■*ble by the use of liquid nitrogen and liqufd hydrogen 
that thcb important observation became possible, that 
the mean (Atomic hmU of the elements at about SJ® 
absolute vary periodically with the atomic weujhU. 
When plotted against the atomic weights a curve is 
obtained which follows the course of the Atomic! 
Volume curve shown in the diagnim on j), 127. This 
remarkable discovery we owe t.* Sir James Dewar.’ 
The smallest specific heat given in the paper rdferred 
to is that of diamond, namely 0002H, which when 
multiplied by the atomic weight gives (Kl as approxi- 
mately the atomic heat, (jirbon is one of the 
elements which has always h(!en recognised as 
exceptional in respect to specific heat, and it is 
probable that its capacity for heat would vanish at 
the absolute zero. But such metals iis poUissium, 
rubidium, and caesium give at the low temperature of 
these experiments atomic heats which are but little 
below those observed at ordinary temperatures, and 
whether they would change considerably at 50® 
lower in the scale is a question which (jannot yet bo 
answered. The interesting result of these rosoarchos 
is the extended application of the periodic law.^ 

Of the internal construction of the molecules 
which result from the union of atoms, and even of 
atoms themselves, it has been shown that we have 
some reason to believe that a certain degree of know- 

‘ Proc. Roy, Soc., 89a, 168 (191.8). 

* Speculations concerning the Periodic Law from the standpoint 
of Ra^o-aotiTity hare been referred to in Chap. X. 
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ledge has Seen attained. Further information* as t^' 
molecular constitution seems likely to result from the 
njore careful attention which is now being given to 
the interrelation of chemical constitution and physi- 
cal properties. The discoveries which have resulted 
from the careful .study of the action of certain com- 
pounds on polarised light, encourages the belief that 
an equally careful investigation of the refractivity 
and dispersive power, of the electric conductivity, 
the viscosity, the specific volume, and the specific 
heat of pure substances of known composition may 
help in the further elaboration of those ideas of 
constitution which, imperfectly expressed in current 
chemical formukc, have been derived from the obser- 
vation of the modes of formation and of decomposi- 
tion of compounds chiefly of one element, carbon. 
Valuable pioneering work of this kind has been 
already accompli.shed by Gladstone and by Briihl, by 
Hermann Kopp and by Thorpe, by Ostwald, Kohl- 
rausch, and others. In the future one lesson derived 
from the past will doubtless bo always borne in 
mind. The serious influence of small quantities of 
other substances in the materials which are the sub- 
ject of experiment is now recognised, and the labour 
of ^ysical measurements will surely in future be 
expended only upon substances which have been 
purified with the most scrupulous care, or of which 
the composition is accurately known. 

A history of progress in the science of chemistry 
does not consist of an enuir«i‘ation of all the dis- 
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•^veries' \fhich have been made. A fSw subjects 
have tli^refore been deliberately omitted from the 
preceding obapters for the reason that they apj)ear ^o 
be either unripe for discus.sion or to have contributed 
little to advance of the subject as a whole. Though 
a very large number of facts have been recorded Jind 
whole series of phenomena observed, for whi(!h at 
present there is no satisfactory and conclusive ex- 
planation to bring them under the great genctalisa- 
tions which have already been estiiblishcd, there is, 
however, good reason to believe that every one will 
fall into its proper place in a comprehensive system, 
of which wo can as yet only gue.ss the outlines. 
Beside unclassified phenomena there has been of late 
years a gradual readjustment of the subject matter 
of chemical observation, many things which were 
formerly neglected having become prominent, and 
vice versil The present position of the chemistry of 
the “rare earths” is an example, and so also is the 
knowledge we now have of the properties of such 
metals as tungsten, tantalum, and others which, 
owing to practical applications, have been .studied 
more and more closely. No new principle of funda- 
mental importance is involved in such cjises. On the 
other hand, while such an art as photography has 
made enormous strides it can hardly be said oven 
now that the action of a ray of light in effecting 
chemical change is understood much better than in 
the days of Scheele, who first observed the blackening 
of silver chloride in daylight. 
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It is true that many rude kinds of in'^esti^tioij’' 
were undertaken in the middle of last century on the 
ejects of various coloured lights on veg«tation, but 
these resulted in no serious addition to knowledge 
either from the theoretical or practical point of view. 
The first systematic inquiries on record are those 
of Bunsen and Roscoe, which, originally communi- 
cated to the British Association in 1855, were 
developed in a series of papers in the Philosophical 
Transactions of the Royal Society for 1857, 1859, 
and 1863. Their measurements, however, related to 
the chemical effect produced by the total solar radia- 
tion, and though they discovered many interesting 
facts, including the phenomena of photo-chemical in- 
duction, no results of this kind can load to any 
explanation of the modus operandi. The action of 
light of various degrees of refrangibility, and of the 
radiation in the ultra-violet, is being studied by 
several chemists at the present time, though some- 
what desultorily. The results which have been 
published show that in all crises the products are 
complex. Sometimes the effect is one of condensa- 
tion, sometimes of decomposition, while isomerisation 
is frequently brought about. There is need for much 
further experiment. 

Another subject which provides a large field for 
investigation is the state known as colloid. Atten- 
tion was first drawn to the non-diffusible character 
of soluble colloids so long ago as 1861, by Graham,* 

» PhU. Tram. (1861), p. 183. 
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%ho first applied this name to substances resem- 
bling gelatine. Down to quite recent times the 
subject remained practically where be loft it, lilit 
the great importance of the colloidal state in the 
constituents of animal and vegetable tissues, to- 
gether with the closer study of the properties ol‘ 
solutions to which both chemists aiul physicists 
have contributed during the last few years, has 
given to colloids a rather prominent place in 
chemical literature. 

Tlie science of chemistry now extends so widely, 
not only in its applications to the industrial and 
useful arts, but in providing methods for the investi- 
gation of all kinds of natural phenomena by the 
physiologist, the geologist, and the cosmogonist, that 
it is no longer within the capacity of any one man, 
however industrious and intelligent, to possess an 
intimate knowledge of all departments of the science. 
Chemists have therefore been (jompelled by the very 
success which has attended their labours in the past 
to limit their individual inquiries to a comparatively 
narrow range. There is some danger that this 
tendency to specialisation might stjind in the way 
of progress, if it ever became so exccjssive that, the 
methods and conclusions arrived at in one depart- 
ment ceased to be utilised, because unknown, in other 
departments of the same science. Stops have been 
taken in recent years to provide against such a state 
of things by the publication of summaries such as 
the reports to the British Association, and for 



354 THE PROGRESS OF SCIENTIFIC CHEMISTRY 


chemists especially, the volume of Annual ReportI 
issued by the Chemical Society, 
t Happily the day is long gone by when popular, 
political, or ecclesiastical ignorance and prejudice 
could stand in ‘the way of progress. What seems to 
be chiefly wanted now is the manifestation of greater 
sympathy on the part of many of the representatives 
of other departments of human thought and jispira- 
tion for the work of those who occu[)y themselves 
with the study of the material universe. The highe.st 
aim of science is not invention, but a knowledge of 
nature, and that such aim is consistent with a full, 
deep, and warm appreciation of art and letters is 
happily obvious to the majority of cultivated men 
and women. In the ancient universities of Great 
Britain until quite recent times chemi.stry has not 
flourished with the vigour shown by the older 
studios. Wo may, however, now look forward hope- 
fully to the day, not far distant, when natural science 
will be cheerfully and openly admitted to rank in 
intellectual importance equally with the traditional 
learning which hiis come down to us from the past. 


BIOGRAPHICAL NOTES 

Julius Wilhelm BrOhl was born at Warsaw, 13th Feb. 
1810. After studying at the Polytechnikum in Zurich and in 
the University of Berlin, where he took his degree, he went to 
Aachen as assistant to Landolt. In 1880 he became Professor 
at the Polytechnik at Lemberg, where his health broke down, 
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*and it was necesaary to seek a initder cliinato. In 1888 he 
took chArge of Bernthsen’s laboratory in Heidelberg, and* as 
Honorary Professor lectured on organic chemistry. ^lis 
scientific work related almost entirely to the study of optical 
properties in relation to chemical constitution. 

Ho died at Heidelberg, r)th Feb. 1911. 

[Obituary by K. Auwers. -14, 97.'’)7 (191 1).] 

John Hall Glvdstonh, born 7th March 18-27. A student 
at University College under (Jraham, ho afterw.irds py:)coeded 
to Giessen to work with Liebig, returning in 18 IS with the 
degree of Ph.D. He held for two years the post of LtKjturor at 
St. Thomas’s Hospital, but, having indoixnidont means, ht 
pursued science as an amateur. From 1871 to 1877 ho held 
the Fulleriau Professorship of Chemistry at the Royal Institu- 
tion, and was first President of the Physical Society. The 
most important systematic work ho accomplished was in con- 
nection with the refraction and dispersioii of Iniuids. He 
introduced the copper-zinc couple as a reagent. 

He died suddenly in London, (Ith Oct. 19()'J. 

[Obituary by W. A. Tilden. Journ. Chnn Sue , h7,.M)1 (1909).] 

Cato Maximilian OrLOUKUo, born at Christiania, llth 
Aug. 1830. He became teacher of mathemati<*s and mechanics 
at the Military Academy, and later Professor of Apiiliod 
Mathematics in the University of (’hristiania. Prom 1879 he 
was a director of the Norwegian railways. 

Died 14th Jan. 190*2. 

[PoggendorfTs fftni'lworterhurh, vol. iv. J 

Augustus George Vernon Hakou ht, M A., D.Sc. O^on., 
F.R.S., lately Lee’s lieader in Chemistry at Christ Church, 
Oxford 

Wilhelm Ostwald, Geheim-Rat, lately Professor of Chom* 
Utry in the University of Leipzig. 

Thomas Edward Thorpe, Knt, C.B., LL.D., F.R.8., 
formerly Principal of the Government Laboratories, Professor 
Emeritus in the Imperial, College of Science and Technology. 
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Petkr Waage, born at? Flekkef jord, in South Norway, 29tlf 
June 1833. He was educated at the Bergen Grammar School, 
an^ studied medicine in the University of Chrisflania. After 
continuing his study of chemistry under Bunsen at Heidelberg, 
he succeeded Strecker as Professor at Christiania in 1802, 

Ho died 1 3th Jan. 1900. 

[Obit\iary, Jouni. Chem. Soc., 77, 591 (1900),] 



IMPORTANT EVENTS 


ARRANGED IN CHUONOT.OGICAL ORDER 


Jean Baptiste Dumas born 
Friedrich Wohler Iwrn . 


1800 

1800 


Electrolytic decomposition of water by Nicholson 

and Carlisle 

Justus Liebig born 

Joseph Priestley (born 1733) died .... 
Thomas Graham born ... . ■ 

J. B. Richter (born 1762) died .... 
Atomic Theory of Dalton, publishe<l by Thomas 

Thomson 

Isolation of pota.ssium and sodium .... 

Auguste Laurent born 

Henry Cavendish (born 1731) died . 

Elementary nature of chlorine established 
Hypothesis of Avogadro .... 

Robert Wilhelm Bunsen born 

Jean Servais Stas born 

Charles Gerhardt born 

Adolph Wurtz born 

Hermann Kopp born 

Jean Charles Galissard do Marignaci born 

James Prescott Joule born , . . • • 

Hermann Kolbe born 

August Wilhelm Hofmann born 

Law of Dulong and Petit 

Mitscherlich’s first work on isomorphism • 

Claude Louis Berthollet (born 1748) died 
• »57 


1800 

1803 

1804 

1805 
1807 

1807 

1807 

1807 

1810 

1810 

1811 

1811 

1813 

1816i 

1817 

•1817 

1817 

1818 
1818 
1818 
1819 
1819 
1822 
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Louis Pasteur born .* 1823* 

Fafaday’s first experiments on liquefaction of gases * 1823 
AleJkander William Williamson born . . 1824 

Edward Frankland born 1825 

Stanislao Cannizzaro born 1826 

Berzelius’ electro- chemical theory .... 1827 

Marcellin Berthelot born 1827 

Wohler’s synthesis of urea 1828 

Humphry Davy (born 1778) died .... 1829 
William Hyde Wollaston (born 1766) died . 1839 

August Kckul4 born 1829 

Julius Lothar Meyer born 1830 

Graham’s law of gaseous diffusion . . .1831 

Faraday’s work in electricity begun . .1831 

Britiali Association for the Advancement of Science 

founded 1831 

Liebig and Wohler on the “ Radical of Benzoic 

Acid” 1832 

Graham on arseniates and phosphates (recognition of 

basicity of acids) 1833 

Faraday’s first law of electro-chemical decomposition 1834 
Dumas’ discovery of chlorine substitution . . 1834 

Carbon dioxide solidified by Tbilorier . . 1835 

Laurent’s theory of nuclei used by Gmelin . . 1 836 

William Henry Perkin born 1838 

Dumas’ theory of types 1839 

Bunsen’s discovery of cacodyl ...... 1841 

Chenvcal Society of London founded 1841 

Homologous series recognised by Schiel . . 1842 

Mechanical equivalent of heat determined by Joule . 1842 

John Dalton (born 1766) died .... 1844 

Racemic acid dissected by Pasteur .... 1845 

Synthesis of acetic acid by Kolbe .... 1845 

College of Chemistry, London, founded . . . 1846 

Dissociation of water by heat (W. R. Grove) . . 1846 

Frankland’s discovery of ethyl 1848 
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Jons Jakob Berzelius (born 1779) Mietl 1848 

Franklfind’s discovery of zinc-ethyl . li(49 

Wurtz’s discovery of compound aminonia.s . 4849 

Hofmann s synthetical formation of compound 

ammonias .... . . 1849 

Louis Joseph Gay-Lu.w (born 177s) died . 1850 

Constitution of ether established by William.sun 1850 

Water-type propo.Hed by Williamson . . .1851 

Principle of “atomicity recognised by Kraukland . 1852 

Auguste Laurent died ‘*.1853 

Charles Gerhardt died . 1 85(i 

Perkin discovers “ Mauve ” . . . 185C 

Clausius’ theory of electrolysis .... 1 857 

Dissociation studied by Devillc . . . 1857 

Linkage of atoms recognised by A. S. Coiiper . . 1858 

Cannizzaro’s Sunto published 1858 

Synthesis of acetylene (Berthelol) .... 1859 

Spectrum analysis introduced by IbiriM'ii and Kirchutf 1859 
Pasteur’s work on fenncntali ' >11 begun . . . IHOI 

Eilhardt Mitscherlich (born 1791) <licd . 1803 

Andrews’ experiments on litpiefaclion of gases begun 1803 
Atomicity applied to the e.xpUnation of isomerism 

by Crum Brown ... . . 1804 

Newland's “ Law of Octave^ . 1804 

Sprengel’s mercury pump invented . 1804 

Kekul^’s formula for iK'Uzene . . • 1865 

Bunsen’s gas-burner invented .... 186? 

Michael Faraday (l)orn 1791) died 1867 

German Chemical Society founded .... 1867 

Synthesis of alizarin (GraelK* and Liebciinann, Perkin) 1868 
Thomas Graham died IHtiU 

Mendel^eflPs first table of the elements . 1869 

Lothar Meyer’s periodic curve 1870 

Justus Liebig died 1873 

Theory of stereo-isomerism (Le Bel and Van't Hoff) . 1876 
Liquefaction of oxygtn (Pictet and Cailletet) . 1877 
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Society of Chemical Industry founded . . 1881 

Friedrich Wohler died* ' 1883 

Heiipiaiin Kolbe died 1884 

Jean Baptiste Dumas died 1884 

Adolph Wurtz died 1884 

Tautoiuerism or desmotropy recognised (Liar) . . 1885 

Emil Fischer’s synthesis of sugars begun . 1885 

Gas theory of solutions (Van’t Hoff) . . . 1887 

Theory of free ions (Arrhenius) .... 1887 

James Fresco tt Joule died 1889 

Jean Servais Stas died 1891 

August Wilhelm von Hofmann died . . . 1892 

Hermann Kopp died 1892 

Discovery of argon (Rayleigh and Ramsay) . . 1894 

Jean Charles Galissard de Marignac died . 1894 

Discovery of terrestrial helium (Ramsay) . . 1895 

Louis Pasteur died 1895 

Julius Lothar Meyer died 1895 

Critical temperature and boiling point of hydrogen 

observed by Olszewski 1895 

August Kekul4 died 1896 

Radio-activity discovered (Bec(iuerel) . . 1896 

Walden “ inversion ” discovered .... 1896 

Isolation of radium (Curie) 1898 

Liquefaction of hydrogen in quantity (Dewar) . 1898 

Robert Wilhelm Bunsen died 1899 

Vran9oi8 Marie Raoult died 1901 

Alexander William Williamson died . . . 1904 

J. J. Thomson’s Corpuscular Theory published . . 1907 

Dmitri Ivanov itsch Mendel^eff died . . 1907 

Marcellin Berthelot died 1907 

William Henry Perkin died 1907 

Helium liquefied by Kamerlingh-Onnes . . 1908 

J.H. Van’t Hoff died 1912 



INDEX OF 


[Heavy Jiyiires refer 

Adik, 27r) 

Althcn, Jean, 202 
Ampi^re, 87 

Andrews, 38, 40, 41, 48, 310 
Armstrong, 207, 223 
Arrhenius, 283, 286, 292, 301 
Avogadro, 86, 101, 109 

Babykr, Von, 240, 252, 260 
Baker, W. H. B., 300, 301 
Barlow, 178 
Barlow and Pope, 177 
Becquerel, 329, 340 
Bel, Le, 241, 257, 260 
Berthelot, 41, 42, 49, 157, 187, 
189, 295, 346 
Berthollet, 17, 343 
BerzeUus, 10, 11, 15, 18, 58, 91. 

103, 141,142, 151,155,264,269 
Biot, 229, 260 
Black, 2, 18, 305 
BUgden, 271, 301 
Boisbaudran, De, 59, 78, 119, 129 
BouUay, 240, 260 
Boyle, 4, 19, 29, 66 
Braimer, 70, 79 
Brown, Crum, 167, 178 
Bruhl, 350, 364 
Buchner, E., 221, 228 
Bunsen, 69, 63, 64, 79, 145, 346, 
352 

Caokiabd db la Toue, 216, 

228, 306 

Oulletet, 314, 825 
Cannizzaro, 87, 101, 109 
Carlisle, 10, 19, 263 
GkmeUey, 134, 187, 280 
Caro, 202, 228 


PERSONS 


Ih'nyraphieaJ Noien] 

Cavendwh, 2. 5, 19, 73, 203, 305 
< 3iancourtt)i8, De, 119* 

Clarke, F. W., 108, 110, 114 
Clausius, 282, 284, 285, 301 
Clouet, .300, 326 
Co(.ke, J. P., 108, 110 
Coppet, De, 271, 301 
C^<up<*r, A. vS., 100, 178, 192 
Crookes, 59, 135, 290, 301, 337, 
339 

CroMHley, 290 

Curie, Madame, 329, 331, 341 
('urie, Pierre. 330, 340 
(Jiirie and l.aliorde, 335 

I Dalton, 8, 20, 29, 84, 87, 103, 
237 

I Danioll, 11,20, 208, 209 
Daw, 10 10,20,29,58,264,209. 

291. 307 
Deluerne, 330 
Deville, 45, 40, 60, 347 
Dewar, 310, 322, 826, 335, 349 
Dixon, H. B., 300, 802, 347 
Dohhie, 206, 224 
Dobereiner, 110, 138 
Dulong, ,38. 60 
DuIoiil' and Petit, 98, 101 
Dumas, 1.5, 21, 87, 91, 82, 103, 
105, 110, 141, 142, 144, 146, 
151, 155, 185 
Duppa, 198, 224 

Esson, 340 
Ewing, 321 

Fajaks, 336 

Faraday, 10, II, 12, 16, 22, 169, 
266, 307, 309 



362 THE PROGRESS OF SCIENTIFIC CHEMISTRY 


Favrc, 60 • I 

Favre and Silbermann, 38, 41 
Fitfther, 194, 224, 256 
Fit%, 170, 179 
Fittig and Tollena, 170 
Foster, G. C., 166, 179 
Fownes, 186, 224 
Fourcroy, 306, 825 
Frankland, 144, 169, 161, 168, 
176, 179 

Fraunhofer, 62, 67, 79 

Galvani-263, 802 
Gay-LuHsac, 12. 13, 14, 22, 86, 91 
Gerhardt, 88, 89, 110, 146, 146, 
148, 156, 166, 168, 161, 186, 
269 

Gibbs, Willard, 48, 50 
Gladstone, 347, 350, 865 
Gmelin, 147, 180, 186, 238 
Graebe, 202, 207, 224 
Graobe and Liobcrinann, 202, 
207 

Graham, 12, 28, 157, 323, 352 
Gray and Ramsay, 334 
Green, 208 
Griess, 204, 225 
Grotthus, 286, 802 
Grove, 46, 50 
Guldberg, 347, 356 
Guldberg and Waage, 347 
Guthrie, 271, 302 
Guye, 263, 260 

HAMrsoN. 321 
Harcourt, 355 
Harcourt and Esson, 346 
^Hartley. 206, 225 
Helihholtz, 293, 802 
Henry. 185, 225 
Hersolfel, J., 62, 79 
Hess, 39, 41, 51 
Hill, A. 0., 221, 225 
Hofmann, 97, 111, 161, 166, 186 
Hoff, Van’t, 241, 243, 250, 280, 
280 

Horstmann, 48, 51, 347 

Japp, 176, 180, 195 
Jennor, 222, 

Joule. 29, 33, 34, 61, 281, 319 


Kameblinqh-Onnes, 324, 3«) 
Kokul6. 166, 162, 167, J71, 176, 
176, 180, 186, 192, 243 
Kelvin, 136, 188, 242, 319 
Kipping, 259, 261 
Kirchhoff, 69, 63, 64, 68, 80 
Kohlrausch, 288, 802, 3^) 

Kolbe, 166, 180, 187 
Kopp, 101, 111, 350 
Korner, 176, 181 
Kronig, 282, 302 

Lapparent, 119 
Laurent, 146, 181 
Lavoisier, 1, 3, 13, 23, 29, 35, 38, 
143, 269, 305 

Liebermann, 202, 207, 225 
Liebig, 12, 13. 16, 24, 142, 144, 
160, 186, 215, 219 
Liebig and Wohler, 14, 143, 151 
Linde, 320, 826 
Lister, 209, 226 
Lockyer, 76, 80, 135 
Ldwel, 279 

Mau>kt, 104, 111 
Mansfield, 169, 181 
Marggraff, 67, 80 
Marignac, 48, 61, 103 
Melsens, 149 

Mendol^efl, 124, 127, 188, 279, 
348 

Meyer, 1... 124, 189 
Miller, W, A., 62, 80 
Mitscherlich, 169, 181 ^ 

Moissan, 67, 70, 80 
Monge, 306, 826 
Monge and Clouet, 306 
Morley, 107, 112 

Naqubt, 167, 181 
Naumann, 48, 52 
Nemst, 99 

Newlands, J. A. R., 119, 122, 
189 

Newton. 29. 62, 69, 61 
Nicholson, 25 

Nicholson and Carlisle, 10, 263 
NUson, 59, 81, 129 
Nobel, 210, 226 
Northmore, 806, 826 

« 



INDEX OF PERSONS 


363 


•Oduno, 97. 112, 120, 295 
Olnewgk, 316, 316, 320, 826 
08twald,’34^ 360, 865 

PAsnsuB, 213, 216, 226, 232, 245 
Peachey, 261 
Pelouze, 103, 112, 211 
Perkin, 202, 203, 226 
Perkin, W. H.. jun., 174, 182 
Perkin and Duppa, 198 
Petit, 112 

Petit and Dulong, 98, 101 
Pfeffer, 275, 803 
Pictet, 314, 826 
Pope, 182 

Pope and Peachey, 257, 258 
PriMtlev, 2, 26, 305 
Proust, 188, 227 
Prout, 104, 112, 115 
Provostagc, De la, 232, 261 

IUmsay, 74, 76, 81, 299, 334 
Ramsay and Soddy, 332, 335 
Ramsay and Travers, 76 
Ramsay and ^Vhytlaw-(Jray. 331 
Raoult, 271, 808 
Rayleigh, 71, 74, 81, 108 
Reich, 81 

Reich and Richter, 59 
Regnault, 46, 62, 101, 108 
Reynolds, Emerson, 339, 340 
Reynolds, Osborne, 34 
Richter, 81 
RSntgen, 297, 841 
Roscoe, 58, 81, 352 
Rtidorff, 271, 808 
Bumford, 29, 68 
Rutherford, 332, 333, 335, 337, 
841 

SCBIBU, 57, 82 
Schiel, 146, 182 
Schmidt, 329, 841 
Sohonbein. 295, 808 
Schorlemmer, 187, 227 
Schwann, 216, 228 
Scott, 107, 118 
Shenstone, 280, 808 
Semens, 320, 826 


Silhermann, 68 
Simpson, 197, 228 
Smiles, 258, 261 
S<jbrero, 210 
Soddy. 336, 841 
Solvay, 320, 826 
Sprengel, 296, 804 
Stas, 92. 103, 112, 115, 343 
Stonov, 133, 139, 297 
Strutt, 299, 304 
Swan. 64, 82 

Tiu'nard, 13, 26 
'riulorier, 308, 327 • 

Thomsen, JuIiuh, 41, 45, 53, 2S!1, 
347 

Thomson, J. J., 136, 140, 294, 
297, 298, 338 

Thompson, Bmijamin. iS'cc 
Ruraford 

Thorpe, 331, 350, 866 
'I'ilden, 99, 276, 339 
Tildcn ami Marshall, 255 
Tilden and ShcnsUmo, 280 
'lollcns, 170, 182 
T(mr, (;. do la, 216, 228, 306 
Travers, 76, 82, 322 

Volta, 263, 304 

Waauk. 347, 356 
Waltlen, 255. 261 
Walker. J. W., 254, 281 
Watorston, 281, 304 
Werner, 259, 281 
Whiteley, 208 

Williamson, 89, 90, 113, 142, 
1,53, 154. 155, 1.56, 161, 28^ 
344 

Winkler, 129, 140 
Wisliconus, 240, 250, 266 
Witt, 207, 228 
Wohler, 14. 28, 57, 187 
Wollaston, 62, 82, 103, 238 
Wr^blewski, 315, 316, 327 
Wunderlich, 248, 262 
Wortz, 149, 165, 157, 182 

Zinin, 170, 188 



INDEX OF SUBJECTS 


AoiiNiUM diacovored, 330 
Alcohol, synthesis of, 189 
Alkaloids. 149, 151 
Allotropy, 36 
Ammonia type, 162 
Aniline dyes, 203 
Argon discovered, 71 

— companions of, 771 
Asymmetric carbon, 243 

— metals, 269 

— nitrogen and sulphur, 257 

— phosphorus, 259 

— silicon, 269 

Atomic Theory applied by Dal- 
ton, 84, 342 

— rotation, 251 

— motion, WiUiamson’stheory, 
286 

— weight of oxygon, 93 
of carbon 94 

of silicon, sulphur, &c., 

97 

and specific heat, 98 

Atomicity discovered, 160 

Bases, organic, 149 
Benzene, discovery of, 169 
♦- formula of, 173 
Benzoyl, compounds of, 14, 144 
Biographical notes, 17, 48, 78, 
109, f37, 178, 223, 260, 301, 
325, 354 

Bolling points of solutions, 274 

Cabbon, chemical nature of, 162, 
192 

— compounds, synthesis of, 
187 Iw 

— dioxide solidified, 308 

— tetrahedral, 243 

— valencies of, 246 


Carbon rings, constitution of, 247 
Cathode rays, 297 
Colloids, 362 

Copula and copulated com- 
pounds, 166 
Chemical affinity, 9 
; — combination affected by 
moisture, 300 • 

— compounds, definite com- 
position of, 7 

Chemistry, objects of, 3 
Chromophors and chromogens, 
207 

Colour and constitution, 206 
Combining weights determined, 
103 

of oxygen, 105 

Compound ammonias, 149 
Condensed types, 167 
Constitution, early ideas of, 151 
Continuity of gas and liquid, 310 
Cooling, cumulative, 319 
Corpuscular theory of matter, 297 

Dissoouhon, 46 

Eleotbio discharge in gases, 295 
Electro-chemical decomposition, 
10, 266 

Electrolysis, Faraday’s laws, 265 
— Grotthus’ theory, 287 
— Arrhenius’ theory, 286 
Electronic theory of valency, 299 
Element defined, 4, 36, 65 
Elements, four Aristotelian, 66 

— reoomtion of new, 67, 69 

— numner of, 68 

— theories as to origin of, 134, 
338 

j Energy, indestructibility of, 28 

— meaning of, 31 


S64 



INDEX OF SUBJECTS 


365 


Enzymes, 219 
ExplosiTes, 211 

Fermenta-Aon, alcoholic, 213 
— Liebig’s theory of, 216 

— lactic and butyric, 217 
— Pasteur’s theory of, 216 

Formul®, dualistio and unitary, 
269 

Freezing points of fwlutions, 271 

Gas, definition of, 313 

— and vapour, 313 
Gerhardt’s types, 156 
Graphic formul®, 167 

Halogens, 11 
Heat of neutralisation, 289 
Helium, terrestrial, (liHooverofl, 
75 

— liquefied, 324 
.Hydrogen liquefied, 316, 322 

— liquid, pro^rties of, 323 
Hemihedrism, Pasteur’s discov- 
ery, 232 

Homologous series of elements, 
117 

of carbon compounds, 

146 

loKio dissociation in liquids, 
283 

Ionisation, causes of, 293 

Law of gravitation, 8 

— of mass action, 347 

— of octaves, 123 

— periodic, 119, 126, 349 
Light, action of, 361 
Liquefaction of gases, 306 

Mass action, 343, 346 
Matter, indestructibility of, 6 
Maximum work, principle of, 43 
Meohanioal equivalent of heat, 
33 

Moisture and combustion, 300 

Newton’s experiments with the 
prism, 59 
Niton, 334 


I Nitrogen liquefied, 316 
Nuclei, theory of, 147 

Optical activity and crystafline 
form, 235 § 

Organic chemistry definea, 14, 
185 

— compounds, classification of, 
171 

composition of, 1 3 

Organo-metallic oompoundR, 159 
Osmotic pressure, 275 
Oxygen liquefied, 314 
Ozone disco verwl, 29.'> 

PsraoDic law, 119, 125, 349 

difiicultiM in, 133 

Phase rule, 48 
Phlogiston, 3 

Phosphorescence of uranium, 
329 

Polonium discovorod, 330 
Polymerisal ion, 199 
Predictions by MendeO^efif, 129 
Prout’s hypothcHis, 104, 115 

Radical or radicle, 143 
Radicals, compound, 144 
Radio-activity, 328, 333 
Radio-elements and ixjriiKlic 
scheme, 336 

Radium discovered, 330 
Residues, 145 
Royal Society, 2, 16 
Royal Society of Edinburgh, 


Solutions, hydrate theory of, 
277 • 

— kinetic theory of, 281 
Spectra, Same, arc, a|^ spark, 

06 

Spectrum analysis, 69 

— of sunlight, 67 
StereO'Cbemmry, 229, 237 
Substitution di^ver^, 15, 91 
Synthesis of alcohol, 189 

— of alizarin, 201 

— of carbon compounds, 187- 
190 

— of drugs, 209 



366 THE PROGRESS OP SCIENTIFIC CHEMISTRY 


Synthesis, modern methods. of, 
196 

-5 tartaric or racemic acid, 198 

TubCmo- CHEMICAL work, early, 
38 

Type formulae generalised, 165 
Types, oridnal idea of, 92, 165 
— use of, 161 


Valency, eleotronio themry of,® 
229 

— explanation of, 177” 

— first recognitiod of, 100 

Walden inversion, 256 
Water, formula of, 87 

— properties of, 6 , 291 

— type, 153 


Printed b; Ballanttmi, Hahsoh & Co. 
at Paul** Work, Edinburgh 








